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CHAPTER ONE : INTRODUCTION

Imagine a lonely signalman on duty in a country station. An express train
comes into earshot, whistles and thunders through the station at full
speed. Upon hearing and seeing the train,' the signalman will make several
slow and fast movements of the eyes and head in order to watch the
express. Apparently, in this natural situation, a variety of movements is
made in response to a variety of sensory stimuli. This thesis will deal with
only one type of eye movement in response to only one type of sensory
stimulation: fast eye movements, or saccades, to visual stimuli, which are
called "visually-guided saccades". Fortunately it is possible to investigate
saccades to visual stimuli separated from other eye movements to other
stimuli. Unfortunately it is not exactly known what happens in the brain
even between the appearance of a simple visual target and the onset of
the saccade to it.
One of the incompletely understood features of visually guided saccades is
the relatively large saccadic reaction time. This is the time interval
between the appearance of a visual target and the onset of the saccade to
that target. The saccadic reaction time is about 250 ms which is rather
large for a, seemingly simple, movement. Apparently much processing by
the brain is needed before a visually guided saccade is executed. These
processes might include the direction of attention to a part of the
environment, the selection of a target, the decision to make a saccade, the
determination of the amplitude and direction of the saccade and, finally,
the translation of the signal, that carries the direction and amplitude of
the saccade, into an appropriate signal for the ocular motor muscles which
move the eyes. Of all these processes, the latter is fairly well understood:
it occurs in the brainstem and there are indications that it takes a small
part of the saccadic reaction time (2.1.З.). The remaining and largest part
of the saccadic reaction time is probably needed for the other processes.
It is not entirely known by which parts of the brain these are performed,
although the most likely candidates are the cerebral cortex, the superior
colliculus and the thalamus. These structures are all somehow involved in
saccadic behavior: saccades can be elicited by electrical stimulation of each
of them, their neurons are active before saccades and lesions result in
various saccadic and attentional deficits.
Another ill understood feature of visually guided saccades is the rather
peculiar behavior of the saccadic system in response to so-called doublestep stimuli in which a target steps twice to another position. As described
above, the first step will evoke a visually guided saccade after about 200
ms. This saccade may direct the eyes to the target position after the first
step. If, however, the second target step occurs before the saccade is
made, the saccade may be directed between the position of the target
1

after the first step and the position of the target after the second step.
This phenomenon is called averaging. Apparently the saccade is modified by
the second target step, but not enough to be directed completely to the
target position after the second step. It has been proposed by Becker and
Jürgens (1979) that averaging reflects some of the above mentioned
processes, including the computation of the saccadic amplitude, which
consume a certain amount of time and which contribute therefore to the
saccadic reaction time. This concept is purely theoretical and awaits
confirmation by other experiments. If the concept is right, then some of
the processes which contribute to the saccadic reaction time might be
measured by recording saccades to double-step stimuli.
The first aim of this thesis is to give more insight into the role of the
human cerebral cortex, superior colliculus and thalamus in the generation
of visually guided saccades. The second aim is to give more insight into
the behavior of the human saccadic system in response to double-step
stimuli. The third aim is to assess the clinical usefulness of the investigation with double-step stimuli in patients with cortical and subcortical
lesions. For these purposes visually guided saccades to double-step
stimuli.the saccadic reaction times and the saccadic amplitudes were
investigated in patients with lesions in the cerebral cortex, superior
colliculus or thalamus. It was assessed whether damage to one of these
structures resulted in alterations in one of these parameters.
Many investigations have already been devoted to the role of the cerebral
cortex, superior colliculus and thalamus in the generation of visually
guided saccades. The results of these studies will be discussed in chapter
two.
In this thesis passages like "saccades contralateral to a lesion" are often
used. This always refers to saccades of which the direction is contralateral
to the lesion.
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CHAPTER TWO : ASPECTS OF THE CONTROL OF VISUALLY GUIDED
SACCADES

2.1. SACCADES

2.1.1. Definition

Saccades are fast, conjugate movements of the eyes that redirect the line
of sight. The phylogenetically oldest type of saccades are the quick phases
of nystagmus. They correct the slow, compensatory eye movements directed
opposite to head movements and thereby prevent the eyes from being
driven into an extreme orbital position during sustained head rotation.
Visually guided saccades bring the image of an object of interest on the
fovea and may be reflex-like or voluntary. Saccades can also be made in
the dark either spontaneously
or voluntarily (Leigh and Zee 1983,
Carpenter 1977).

2.1.2. Characteristics of saccades
The velocity of a saccade increases rapidly from its onset and reaches a
peak between one third and one half of the saccadic amplitude. The peak
velocity of a saccade depends on its amplitude: the larger the amplitude,
the larger the peak velocity (Bahill et al. 1975a). Saccadic velocity
diminishes with fatigue or inattention but is not under voluntary control
(Schmidt et al. 1979). Saccadic duration is the time interval between the
onset and the end of a saccade and increases with increasing amplitude,
the relation between the two parameters being approximately linear
(Robinson 1964). The peak velocity and duration of saccades up to 20
degrees (deg) do not depend on age, but saccades of 40 deg are slowed in
aged subjects (Warabi et al. 1984).
The reaction time of visually guided saccades is the interval between the
presentation of a visual target and the onset of the saccade to the target.
It ranges from about 200 to about 300 ms, depending on target size, target
luminance, age and attention (Leigh and Zee 1983, Warabi et al. 1984).
Some elderly subjects may show an increase of the reaction time up to 470
ms without apparent cause (Warabi et al. 1984).
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Normal subjects frequently make visually guided saccades that fall short of
the target by about 10% of the target eccentricity. These hypometric
saccades are followed after 100-130 ms by a small corrective saccade that
foveates the target. The accuracy of visually guided saccades is often
expressed by means of the gain parameter. The gain is the ratio of
saccadic amplitude to target eccentricity. For visually guided saccades up
to 40 deg the gain in normal subjects is about 0.9 (Warabi et al. 1984).
The gain and its variation are independent of age, although some elderly
subjects may show a decrease of gain and an increase in its variation
without apparent cause (Warabi et al. 1984).

2.1.3. Final common pathway for saccades
The final premotor command for horizontal saccades is generated in the
paramedian pontine reticular formation. The paramedian pontine reticular
formation contains the neural apparatus which translates the command to
make a saccade of a particular direction and amplitude, coming from
cerebral visuomotor centres, into appropriate signals for the ocular
motoneurons of both eyes. Various cell types in the paramedian pontine
reticular formation start to discharge 20 ms prior to saccades (Henn and
Cohen 1975). Horizontal saccades to one side are generated by the
ipsilateral paramedian pontine reticular formation (for a review see Leigh
and Zee 1983).

2.2. CORTICAL AND SUBCORTICAL INFLUENCE ON SACCADE GENERATION
The cerebral visuomotor centres which drive the paramedian pontine
reticular formation will now be discussed. The stimulation, ablation and
single-unit experiments were performed in monkeys, unless stated otherwise.

2.2.1. Superior colliculus
The superior colliculus consists of seven layers. The superficial layers have
predominantly a visual function: they receive projections from the retina,
striate cortex and frontal eye field and project to the lateral geniculate
and inferior pulvinar. The function of the deeper layers is predominantly
4

Fig. 2.1. Anatomical connections between cortical and subcortical visuomotor regions.
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an oculomotor one: they receive projections from nearly all cortical
regions and project to visuomotor structures such as the thalamus including the pulvinar and reticular formation of the brainstem (for a review
see Huerta and Harting 1984) (fig 2.1.).
By means of single unit recording 2 cell types have been identified in the
superficial layers: Unmodulated visual cells respond 40-80 ms after visual
stimuli in a circumscribed area of the visual field. This area is called the
visual receptive field of the cell. (Goldberg and Wurtz 1972a). Modulated
visual cells also respond to such visual stimuli but in these cells the
response is enhanced if the stimulus is the target for a saccade (Goldberg
and Wurtz 1972b). The enhancement does not occur during attention to the
stimulus without a saccade to it. In the deeper layers 3 cell types are
distinguished. Movement cells discharge before all saccades (including quick
phases of nystagmus and spontaneous saccades in the dark) made to a
limited area of the visual field typical for each cell. This area is called
the movement field. Depending on the cell, the discharge starts 20-50 ms
or 100-150 ms prior to a saccade (Wurtz and Goldberg 1972a). In some of
these cells the discharge is tightly coupled to the onset of the saccade
(Sparks 1978). Visually-triggered movement cells start to discharge 25-50
ms before saccades made to a visual stimulus into their movement field
(Mohler and Wurtz 1976). Quasi-visual cells start to discharge after the
onset of a visual target and continue to do so until a saccade to the
target has been made even if the target has been extinguished meanwhile.
These cells are apparently capable of holding information about the
difference between current and desired eye position (Mays and Sparks
1980). The visual responses in the deeper layers, but not in the superficial
layers, are abolished after inactivation of the visual cortex. This indicates
that the deeper layers depend on the cortex for visual information
(Schiller et al. 1974).
In the superior colliculus the contralateral visual field is topographically
mapped on the superficial layers, a relatively large area being devoted to
the central part of the visual field (Cynader and Herman 1972). The
diameter of the visual receptive fields of neurons in the superficial layers
ranges from 0.75 deg for units with (peri)foveal receptive fields to 20-30
deg for units with peripheral receptive fields. The visual receptive fields
of cells in the deeper layers are even larger (Goldberg and Wurtz 1972a).
The movement fields together of cells in the deeper layers cover the
entire contralateral and a part of the ipsilateral visual field and are also
topographically organized. The diameter of the movement fields varies from
5 deg for the foveal region to 20-30 deg for peripheral parts of the visual
field (Mohler and Wurtz 1976). The visual fields and movement fields are
organized in retinal coordinates, i.e. relative to the fovea (Mohler and
Wurtz 1976).
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Suprathreshold electrical stimulation of the superior colliculus elicits
conjugate contralaterally directed saccades with a latency of 20-30 ms
(Robinson 1972). The amplitude and direction of the evoked saccade depend
on the site of the superior colliculus which is stimulated and is largely
independent on stimulus current or eye position in the orbit. When a given
site in the superior colliculus is stimulated, the evoked saccade is directed
to the visual field or movement field of ' nearby cells (Schiller and Stryker
1972). This finding demonstrates that the visual and movement maps of the
superior colliculus are in register.
Despite the fact that the above mentioned data suggest that the superior
colliculus has an important function in the initiation of saccades and the
determination of saccadic amplitude and direction, ablation of the superior
colliculus generally produces slight defects in saccadic performance.
Unilateral ablation of the superior colliculus results in a transient increase
in the latency of contralateral visually guided saccades and a reduced
frequency of visually guided and spontaneous saccades contralateral to the
ablation (Mohler and Wurtz 1977, Albano et al. 1982, Albano and Wurtz
1982). Also a slight decrease in the amplitudes of contralaterally directed
saccades, which is corrected by subsequent correction saccades has been
described (Albano et al. 1982, Schiller et al. 1980). After bilateral ablation
of the superior colliculus visually guided saccades are permanently smaller
and less frequent. This deficit even worsens with time (Schiller et al.
1980).
In the above described ablation experiments saccadic performance was
tested days or weeks after the ablation. During this time initially severe
deficits may have been compensated (Hikosaka and Wurtz 1985). Therefore
Hikosaka and Wurtz (1985, 1986) tested saccadic performance immediately
after injection of muscimol or lidocaine in a part of the superior colliculus. Following injection of muscimol, a GABA agonist which enhances the
inhibition of the superior colliculus by the substantia nigra (see 2.2.2.), a
profound deficit was produced, which was limited to saccades to the visual
and movement fields of cells near the injection site. Thus, if the movement fields of cells in the region of the injection site were located in the
periphery, only saccades to that part of the periphery were affected. If
the movement fields of cells near the injection site were near the fovea,
saccades to the perifoveal part of the visual field were affected while
saccades could still be made accross the affected part to a more peripheral
part. Visually guided saccades to the affected part of the visual field were
less frequent, had an increased latency and had slightly smaller amplitudes.
Moreover the peak velocity of these saccades was severely reduced. The
mean eye position shifted towards the side ipsilateral to the injection.
Local injection of lidocaine, which blocks impulse transmission in the
superior colliculus, resulted in roughly the same deficit with the exception
that saccadic amplitudes were more severely decreased and that the
ipsilateral deviation of the eyes did not occur (Hikosaka and Wurtz 1986).
7

In both experiments saccades with a reduced amplitude were followed by
correction saccades. It was concluded that, when saccades are tested
immediately after functional inactivation of the superior colliculus, more
severe deficits can be discovered than in the conventional ablation studies.
Reports on the effects of superior colliculus lesions on eye movements in
man are rare. Zihl and Von Cramon (1978) found extremely increased
saccadic reaction times to both sides with normal saccadic velocities in a
patient with a cyst of the right superior colliculus. In another patient
saccades were tested 17 weeks after removal of an angioma from the right
superior colliculus. The number of contralaterally directed spontaneous
saccades in the dark was diminished and the frequency of corrective
saccades after visually guided contralateral saccades was increased.
Saccadic latencies were normal. This patient had also pretectal and
occipital damage (Heywood and Ratcliff 1975).
The results of single unit recording, stimulation and ablation support the
hypothesis that the superior colliculus is involved in initiating saccades
and processing of saccadic amplitude and direction but that damage to the
superior colliculus is compensated by other structures such as the frontal
eye fields (Hikosaka and Wurtz 1986).
According to Schiller and Stryker (1972) the following sequence of events
occurs in the superior colliculus when a saccade is initiated: the location
of a visual target relative to the fovea is coded by means of activity in
visual cells in the appropriate region of the superficial layers. This causes
activity in movement cells in the congruent region of the deeper layers
resulting in a saccade which foveates the target. However, activity in
visual cells and activity in movement cells often occurs independently of
each other (Mohler and Wurtz 1976, Mays and Sparks 1980) and anatomical
connections between the superficial and deeper layers have not been found
in primates (Sparks 1986). Wurtz and Goldberg (1972b) considered it
unlikely that, given the large visual receptive and movement fields of
superior colliculus neurons, these would be able to code accurately the
location of a visual target or to compute the amplitude and direction of
visually guided saccades. Based on these considerations and the enhanced
response in visually triggered movement cells before visually guided
saccades these authors suggested that the superior colliculus is involved in
directing attention to a part of the visual field rather than localizing
exactly the position of targets. However theoretical studies indicate that it
is possible to extract precise information about target localization from a
set of neurons with large receptive fields (Sparks 1986, Ottes et al. 1986).

8

2.2.2. Substantia nigra
Cells in the lateral part of the substantia nigra pars reticulata show a
continuous tonic discharge which decreases prior to visually guided
saccades and with the offset or onset of a fixation stimulus. The substan
tia nigra has an inhibitory projection to the superior colliculus. This
suggests that the substantia nigra directly controls the visually triggered
movement cells in the superior colliculus by preventing these cells to
discharge during fixation. Only when substantia nigra cells decrease their
discharge, the superior colliculus is released from inhibition and may
trigger a saccade (Hikosaka and Wurtz 1985).
The substantia nigra projects to the superior colliculus, thalamus and
brainstem and receives input from the caudate nucleus, frontal eye field
and thalamic internal medullary lamina (Zee 1984).

2.2.3. Frontal eye field
Electrical stimulation of a part of the frontal premotor cortex known as
the frontal eye field yields isolated contralateral eye movements (Ferrier
1886). The frontal eye field must be distinguished from the supplementary
motor area from which also eye movements can be elicited (see 2.2.5.). Of
all cortical areas from which eye movements can be elicited by electrical
stimulation the frontal eye field have the lowest threshold (Foerster 1931).
In humans the frontal eye field is located in the caudal part of the middle
frontal gyrus (Foerster 1936). In monkeys Bruce et al. (1985) obtained a
very accurate delimitation of the frontal eye field by stimulating the
frontal premotor cortex with weak currents up to 50 μΑ. The low-threshold
frontal eye field consists of a narrow strip of cortex lying in a dorsalventral direction. In the alert monkey the only eye movements evoked by
stimulating the frontal eye field are conjugate saccades and smooth eye
movements (Bruce et al. 1985). The latency of evoked saccades varies from
20-60 ms (Bruce et al. 1985). When the frontal eye field is stimulated with
stronger currents, latencies drop to 15-25 ms (Robinson and Fuchs 1969).
The wide range of latencies may reflect the different pathways of the
frontal eye field to other visuomotor structures. The frontal eye field
projects to the superior colliculus, the thalamic internal medullary lamina
(Leichnetz et al. 1981), the inferior parietal lobule (Kiinzle and Akert
1977), the caudate nucleus which in turn might influence the superior
colliculus via the substantia nigra (Bruce et al. 1985) and directly to the
paramedian pontine reticular formation (Leichnetz et al. 1984a) (fig 2.1.).
Bruce et al. (1985) suggest that the shorter latencies are due to stimula
tion of cells having a direct projection to the paramedian pontine reticular
9

formation while the longer latencies are due to stimulation of cells which
project to the superior colliculus or the thalamus. The majority of
electrically elicited saccades is directed contralaterally (Bruce et al. 1985,
Robinson and Fuchs 1969). The amplitude depends on the site of stimulation in the frontal eye field: stimulation of the dorsal part elicits large
saccades whereas stimulation of the ventral part elicits small saccades
(Bruce et al. 1985). These findings are in accordance with the afferent
connections of the frontal eye field: the ventral part receives afférents
from cortical visual areas with central receptive fields whereas the dorsal
part receives input from areas with peripheral receptive fields (Barbas and
Mesulam 1981). The amplitude and direction of elicited saccades are not
dependent on the initial position of the eye in the orbit (Bruce and
Goldberg 1984) suggesting that the frontal eye field map is organized in
retinal coordinates.
Simultaneous stimulation of 2 sites in the frontal eye field evokes a
saccade of which the amplitude is the weighted average of the amplitudes
of saccades resulting from stimulating the 2 sites separately (Robinson and
Fuchs 1969). These averaged saccades are also found after simultaneous
stimulation of the frontal eye field and superior colliculus or of 2 sites in
the superior colliculus (Robinson 1972) or with electrical stimulation of the
superior colliculus or frontal eye field combined with a visual stimulus
(Sparks and Mays 1983).
In the earlier studies on frontal eye field neurons (Bizzi and Schiller 1970)
only cells discharging after saccades were found. This led to the conclusion that the frontal eye field cannot be involved in the initiation of
saccades. In later investigations however, it was discovered that the
frontal eye field contains neurons that discharge prior to purposive
saccades (presaccadic cells) and as well as neurons that discharge or are
suppressed after saccades (postsaccadic cells) (Bruce and Goldberg 1985).
Presaccadic cells have been subdivided into visual cells, movement cells
and visuomovement cells (Bruce and Goldberg 1985). Visual cells respond
only after a visual stimulus in their visual receptive field. Like in the
modulated visual cells of the superior colliculus, the response is enhanced
in about half of these cells if the stimulus is the target for a saccade.
The enhancement is spatially selective i.e. it occurs only before saccades
to a stimulus in the receptive field. No enhancement occurs if the stimulus
is attended to without an accompanying saccade (Goldberg and Bushnell
1981). Movement cells discharge prior to visually guided saccades into their
movement field. They do not discharge in response to visual stimuli alone
or before spontaneous saccades in the dark. Visuomovement cells discharge
mainly in relation with visually guided saccades. The discharge occurs in
the interval between the appearance of the visual stimulus and the onset
of the saccade to the stimulus. Some of these cells have a visual memory:
if a target is presented briefly for 100 ms and the saccade to the stimulus
is delayed, the cells continue to discharge in the interval between target
10

presentation and saccade. In visual and visuomovement cells the latency of
responses to visual stimuli ranges from 60-150 ms (median 92 ms). The
activity after the visual stimulus precedes the activity before the saccade
by about 32 ms. Following a saccade, the response in presaccadic neurons
is often strongly suppressed (Bruce and Goldberg 1985).
The receptive fields of most visual and visuomovement cells occupy about a
quarter of the contralateral visual field. A minority of cells has ipsilateral
or bilateral receptive fields (Goldberg and Bushneil 1981). The movement
fields of movement and visuomovement cells are even larger (Bruce and
Goldberg 1985). In some cells the responses across the expanse of these
fields are graded. These cells discharge maximally before a saccade of
specific dimensions or after a visual stimulus with a specific location
(Bruce and Goldberg 1985). It is possible that an ensemble of such graded
responses can produce a signal coding a specific amplitude and direction of
a saccade (Mcllwain 1976).
The dimensions of a saccade, elicited electrically in a given frontal eye
field site, are roughly the same as those of the saccade evoking maximal
presaccadic activity in that site. This suggests that naturally occurring
saccades can be triggered by the frontal eye field (Bruce and Goldberg
1984). The source of the visual input to the frontal eye field may come
from one of the visually active areas which project to the frontal eye
field (Goldberg and Bushneil 1981). These areas include the prestriate
cortex, posterior parietal cortex, inferior temporal cortex, thalamic internal
medullary lamina (Barbas and Mesulam 1981, Chavis and Pandya 1976) and
medial pulvinar (Trojanowski and Jacobson 1974) (fig 2.1.).
In human subjects the cerebral blood flow in the frontal eye field
ses when repetitive visually guided saccades are made (Melamed and
1979). Fox et al. (1985) found an increase in cerebral blood flow
frontal eye field not only during visually guided saccades but also
saccades made in the dark to a remembered target.

increaLarsen
in the
during

Unilateral ablation of the frontal eye field is followed by a transient
inability to perform voluntary saccades to the contralateral side, neglect of
the contralateral visual field and conjugate deviation of the eyes to the
side of the lesion in monkeys (Kennard and Ectors 1938, Welch and
Stuteville 1966, Latto and Cowey 1971). In man unilateral ablation of the
frontal eye field is followed by a "temporary paralysis of the lateral
movement of the eyes to the opposite side" (Foerster 1931). In patients
suffering from stroke a temporary conjugate deviation of the eyes to the
side of the lesion is frequently observed and is often attributed to damage
to the frontal eye field. Steiner and Melamed (1984) found that in patients
with conjugate deviation there was evidence for frontal lobe involvement
on CT-scanning. Moreover, conjugate deviation lasted longer in stroke
patients with pre-existent damage of the other frontal lobe. However, De
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Renzi et al. (1982) concluded on clinical grounds that the conjugate
deviation in patients with stroke was not associated with frontal lesions.
Moreover, it is not established whether conjugate deviation reflects an
imbalance of the saccadic system, imbalance of the pursuit system or hemiinattention. Guitton et al. (1985) investigated patients with discrete
surgical lesions of the frontal eye field after the transient effects of the
lesion had subsided. Patients with frontal eye field lesions had normal
visually guided saccades with respect to latency and accuracy. When these
patients were required to make "antisaccades" i.e. to look not at a visual
target but an equal distance in the opposite direction, they were not able
to suppress a reflex-like saccade to the visual target. These reflex-like
saccades occurred bilaterally in some patients and contralateral to the
lesion in others. In a number of patients the antisaccade was not executed
unless it was triggered by the appearance of a second visual target at
which position the antisaccade should have been directed. These visually
triggered antisaccades had a short latency of about 100 ms with respect to
the onset of the second target. It was concluded that in these instances
the computations for the antisaccades must have been performed by the
superior colliculus, thus suggesting that the superior colliculus and not the
frontal eye field calculates the position of a target.
The findings reported by Schiller et al. (1980) are in agreement with those
of Guitton et al. (1985): even bilateral ablation of the frontal eye fields in
monkeys results only in a transient decrease in the number and amplitudes
of visually guided saccades in a simple visual search task.

2.2.4. Frontal eye fields and superior collidili
From the earlier ablation studies it might be concluded that the frontal
eye fields nor the superior colliculi are necessary to produce accurate
visually guided saccades (Sparks 1986). However, together they must be
essential for even simple visually guided saccades since bilateral ablation
of the frontal eye fields and superior colliculi causes a permanent decrease
in the amplitude, frequency and velocity of spontaneous and visually guided
saccades (Schiller et al. 1980). The amplitude deficit is particularly severe
as saccades are restricted to the central 10 deg of the visual field. The
experiments with stimulation and single unit recording suggest that the
frontal eye field and superior colliculus have largely similar mechanisms
for the initiation and computation of the amplitude and direction of
visually guided saccades (Bruce and Goldberg 1985) though, considering the
severe deficits observed immediately after functional removal of the
superior colliculus, some authors believe that these processes are normally
performed by the superior colliculus only (Hikosaka and Wurtz 1986).
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Bruce and Goldberg (1985) suggest that the difference between the frontal
eye field and superior colliculus lies in the quality of decision making and
not in the generation of saccades themselves: the superior colliculus
provides a rapid and direct mechanism for visually triggered saccades while
the frontal eye field can exert control over these reflex-like saccades
(Guitton 1985, Holmes 1938).
Two points remain unsolved if it is assumed that the paramedian pontine
reticular formation is activated by the frontal eye field or superior
colliculus. First, in the frontal eye field and superior colliculus saccadic
dimensions are coded by which neuron is firing while in the paramedian
pontine reticular formation these are coded by the firing frequency of
individual neurons. It is unknown how and where the transformation
between the two types of coding is made (Wurtz and Albano 1980, Sparks
1986). Second, targets, visual receptive fields and movement fields in the
frontal eye field and superior colliculus are signalled in retinal coordinates.
However the results of various experiments indicate that targets are
perceived in spatial coordinates i.e. relative to the head (Hallett and
Lightstone 1976, Sparks and Mays 1983).

2.2.5. Supplementary motor area
The anterior border of the supplementary motor area is the only cortical
region containing neurons that discharge before spontaneous saccades in
the dark. The discharge starts up to 500 ms before the saccade and
increases gradually until the onset of the saccade. Also neurons have been
identified that discharge prior to mainly contraversive visually guided
saccades (Schlag and Schlag-Rey 1985).
Electrical stimulation at the site of a unit with activity preceding saccades
in a preferred direction, evokes saccades after 45-90 ms in the same
direction (Schlag and Schlag-Rey 1985).
Cerebral blood flow increases in the supplementary motor area during
repetetive visually guided saccades (Melamed and Larsen 1979) as well as
during saccades made in the dark to a remembered visual target (Fox et
al. 1985).
The supplementary motor area projects to the thalamus, striatum (Brodai
1981), superior colliculus and ocular motor structures in the brainstem
(Leichnetz 1980, Leichnetz et al. 1984b).
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2.2.6. Inferior parietal lobule
The inferior parietal lobule in monkey and man is involved in visual
attention and eye movements including saccades (Lynch et al. 1977,
Mesulam 1981). The inferior parietal lobule projects to the superior
colliculus (Kuypers and Lawrence 1967), frontal eye field (Barbas and
Mesulam 1981, Chavis and Pandya 1976), prestriate cortex (Wagman 1964),
internal medullary lamina (Kasdon and Jacobson 1978), pulvinar (DeVito
1978), cerebellum via the pontine nuclei (Brodai 1978, Brodai 1979) and
pons (Glickstein et al. 1980). The inferior parietal lobule receives input
from the pulvinar, thalamic internal medullary lamina (Mesulam et al.
1977), frontal eye field (Künzle and Akert 1977), prestriate cortex (Pandya
and Kuypers 1969) and limbic system (Stanton et al. 1977) (fig 2.1.).
Neurons in the inferior parietal lobule respond 40-240 ms (mean 98 ms)
after visual stimuli. In half of these cells this response is enhanced if the
stimulus is to be the target of a saccade. The enhancement is spatially
selective. Contrary to neurons in the frontal eye field and superior
colliculus, neurons in the inferior parietal lobule also show enhancement if
the stimulus is attended to without a saccade being made (Robinson et al.
1978, Bushneil et al. 1981).
The enhancement of visual responses in the inferior parietal lobule is
considered to be related to the direction of attention to a specific part of
the visual environment rather than to saccades exclusively, although the
attentional processes in the inferior parietal lobule may be important in
the guidance of saccades (Bushnell et al. 1981, Robinson et al. 1981). The
visual responses in inferior parietal lobule neurons may arise from any of
the above described visually active areas projecting to the inferior parietal
lobule while the enhancement may be provided by the limbic system as the
stimuli in the experiments of Bushnell et al. (1981) were associated with a
reward. In order to contribute to an eye movement or other motor
response the enhanced visual response is thought to be signalled from the
inferior parietal lobule to areas involved in oculomotor or other motor
behavior such as the frontal eye field, superior colliculus or paramedian
pontine reticular formation (Bushnell et al. 1981).
The visual receptive fields of inferior parietal lobule neurons are generally
very large, ranging from a diameter of about 3 deg to a quadrant of the
visual field or more. Most fields are contralateral but ipsilateral and
bilateral fields have also been found (Shibutani et al. 1984, Robinson et al.
1981).
The inferior parietal lobule also contains neurons without visual activity
that start to discharge on average 70 ms before visually guided saccades
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and neurons that discharge simultaneously with visual fixation (Lynch et
al. 1977) or eye position (Sakata et al 1980).
Stimulation of the inferior parietal lobule results in contralaterally directed
saccades with a latency between 25 and 60 ms, the average latency being
50 ms (Shibutani et al. 1984). The stimulation threshold is much higher in
the inferior parietal lobule than in the frontal eye field or superior
colliculus; moreover the probability to elicit a saccade is lower in the
inferior parietal lobule than in the frontal eye field, superior colliculus or
prestriate cortex, suggesting a rather indirect relationship of the inferior
parietal lobule to the oculomotor system ( Foerster 1931, Shibutani et al.
1984). Saccades are however more easily elicited in those parts of the
inferior parietal lobule that project to the superior colliculus or frontal
eye field (Barbas and Mesulam 1981, Shibutani et al. 1984), so that
probably the elicited saccades are mediated via one of these structures.
The superior colliculus is the most likely candidate since a lesion of the
superior colliculus abolishes electrically elicited saccades from the inferior
parietal lobule (Keating et al. 1983). The amplitude and direction of the
evoked saccades depend on the site of stimulation within the inferior
parietal lobule and are independent on the initial position of the eye in
the orbit. In some instances, however, the amplitudes of evoked saccades
do depend on the initial position of the eye (Shibutani et al. 1984).Only in
a few instances the evoked saccades are directed to the quadrant of the
visual field corresponding to the visual receptive field of the cell (Shibutani et al. 1984). This indicates that the organization of saccadic dimensions is not as strict as in the frontal eye field or superior colliculus.
Unilateral ablation of the inferior parietal lobule results in an increase of
the reaction time of visually guided saccades to either side or contralateral
to the lesion (Lynch 1980). In human patients with a unilateral parietal
lesion the reaction time of visually guided saccades contralateral to the
lesion is increased when compared to the other side. After treatment of
edema surrounding the lesion reaction times may become normal(Sundqvist
1979). Pierrot-Desseilligny et al. (1986) described a patient with clinically
normal visually guided saccades after an infarction of
the left inferior
parietal lobule. After a subsequent infarction of the right inferior parietal
lobule the reaction times of clinically tested visually guided saccades were
markedly increased, the direction of these saccades was often wrong and
the amplitudes were either too large or too small. Saccades made upon
verbal command remained normal. The peripheral visual inattention which
was also observed may have contributed to the saccadic deficit. The
authors suggested that in this case visually guided saccades were still
possible because they were controlled by the frontal eye field which could
receive visual input from the striate cortex, superior colliculus or from the
superior colliculus-thalamus-inferior parietal lobule loop. This suggestion is
in agreement with the observation that in man visually guided saccades are
abolished with bilateral damage of the frontal eye fields and parieto15

occipital regions ( Hécaen and De Ajiuraguerra 1954, Hausser et al. 1980)
and that in monkeys bilateral ablation of both the striate cortex and the
superior colliculi results in elimination of all visually guided saccades
(Mohler and Wurtz 1977). Bilateral lesions of the frontoparietal cortex may
cause acquired ocular motor apraxia in which voluntary saccades are
impaired and of small amplitude while vestibular saccades are relatively
unaffected (Leigh and Zee 1983).

2.2.7. Prestriate cortex
The prestriate cortex is involved in the generation of saccades because,
together with the striate cortex, it provides visual information on targets
to which saccades can be directed. It projects to the frontal eye field
(Chavis and Pandya 1976), temporal lobe (Kuypers et al. 1965), inferior
parietal lobule (Pandya and Kuypers 1969), pulvinar (Mathers 1972) and the
superior colliculus (Fries 1984). The prestriate cortex receives input from
the temporal lobe (Pandya and Kuypers 1969), the inferior parietal lobule
(Wagman 1964) and the pulvinar (Winfield et al. 1975) (fig 2.1.).
Neurons in the prestriate cortex respond to visual stimuli. The response is
enhanced if the stimulus will be the target for a saccade or when it is
attended to. The enhancement is spatially non-selective as it does not
depend on the part of the visual field which is stimulated (Robinson et al.
1980). This enhancement is therefore probably related to arousal and not
to attention directed to a specific part of the visual field (Bushnell et al.
1981). Fischer and Boch (1981) however described some neurons in which
the enhancement was spatially selective.
The visual receptive fields of neurons in this area are fairly large. The
prestriate cortex contains multiple representations of the contralateral
hemifield which are organized in a very complex way (for a review see
Bender 1981).
During repeated visually guided saccades as well as during fixation the
cerebral blood flow in the prestriate cortex increases (Melamed et al.
1979). This was considered as being due to visual processing between
saccades.
In humans saccades can be elicited from the prestriate cortex by means of
high current electrical stimulation (Foerster 1931). These saccades are
abolished after a lesion of the superior colliculus (Keating et al. 1983). In
humans lesions of the prestriate cortex often involve the primary visual
cortex or optic radiation resulting in hemianopia. Saccades into the
hemianopic field show either overshoot to bring the target into the intact
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field or are broken up in multiple small search saccades "that reflect the
patient's inability to see where to look" (Leigh and Zee 1983, Meienberg et
al. 1981).

2.2.8. Pulvinar
The primate pulvinar can be divided into lateral, inferior and medial
portions (Walker 1938). The pulvinar projects to the inferior parietal lobule
(Mesulam et al. 1977), temporal lobe (Trojanowski and Jacobson 1975),
prestriate cortex (Winfield et al. 1975) and striate cortex (Trojanowski and
Jacobson 1976). The medial pulvinar projects to the frontal eye field
(Trojanowski and Jacobson 1974). The pulvinar receives projections from
the temporal cortex, prestriate cortex (Mathers 1972) and parietal cortex
(DeVito 1978), while the inferior and lateral pulvinar receive projections
from the superficial layers of the superior colliculus (Huerta and Harting
1984) and striate cortex (Campos-Ortega and Hayhow 1972). The region
between the medial and lateral pulvinar receives input from the deeper
layers of the superior colliculus (Huerta and Harting 1984) (fig 2.1.).
The inferior and lateral portions of the pulvinar contain cells which
respond about 65 ms after presentation of a stimulus in their visual
receptive field (Petersen et al. 1985). In about half of these cells, the
response is enhanced if the stimulus is to be the target of a saccade. If a
saccade is going to be made to a part of the visual field outside the
receptive field of the cell, the firing rate also increases considerably
(Petersen et al. 1985). Other authors described neurons, active only before
visually guided saccades and having no response to visual stimuli without a
subsequent saccade (Acuna et al. 1983). Also cells were found discharging
during movement of a stimulus when the monkey fixates but stopping their
discharge when a stimulus is moved across the retina during a saccade
(Robinson and Petersen 1985). Other cells start to discharge after spontaneous saccades in the dark and after visually guided saccades (Ferryman
1980, Robinson et al. 1982). Based on these findings and the fact that the
enhancement of cells in the inferior and lateral pulvinar only signals that
an eye movement in about to occur but not in which direction, it was
concluded that the inferior and lateral pulvinar may have a role in the
processing of the visual effects of eye movements (Petersen et al. 1985).
The visual responses in the inferior pulvinar are
ablation of the striate cortex but not after
colliculus (Bender 1983). This suggests that the
layers of the superior colliculus to the inferior
bute to the visual responses in the latter.
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considerably reduced after
ablation of the superior
input from the superficial
pulvinar does not contri-

Cells in the dorsomedial portion of the lateral pulvinar respond about 80
ms after a receptive field stimulus. The range of these latencies, however,
is larger than in the inferior or lateral
pulvinar and is similar to the
range in the inferior parietal lobule (Petersen et al. 1985). In about half of
these cells the visual response is enhanced when the stimulus is to be the
target of a saccade or of attention without a saccade. The enhancement is
spatially selective (Petersen et al. 1985). This part of the pulvinar also
contains cells that discharge after saccades, including spontaneous saccades
made in the dark (Robinson et al. 1982). Based upon the frequent occurrence of spatially selective attentional enhancement in this region it has
been suggested that the dorsomedial part of the lateral pulvinar is involved
in selective visual attention (Petersen et al. 1985).
In the medial pulvinar unit activity has been described prior to visually
guided saccades. No activity was found in relation to spontaneous eye
movements or target presentation (Acuna et al. 1983). In the human medial
pulvinar unit activity is found starting 50-200 ms before visually guided
saccades. Attention to a stimulus or spontaneous saccades with the eyes
closed were not associated with activity (Straschill and Takahashi 1981).
The pulvinar also contains neurons, active during fixation of an object of
interest and neurons showing a perisaccadic decrease of activity followed
by an increase of activity (Acuna et al. 1983).
Neurons in the inferior, lateral and medial pulvinar have visual receptive
fields which are located in the contralateral hemifield, sometimes extending
up to 10 deg into the ipsilateral field (Gattass et al. 1979, Mathers and
Rapisardi 1973). The inferior and lateral pulvinar both contain a complete
retinotopic representation of the contralateral visual field (Bender 1981).
The receptive field diameter ranges from about 1 deg to about 15 deg and
increases with increasing eccentricity (Petersen et al. 1985). The visual
receptive fields of cells in the dorsomedial portion of the lateral pulvinar
are larger and have a crude retinotopic organization (Petersen et al. 1985).
Stimulation of the pulvinar and lateral posterior nucleus in the alert cat
evokes contralateral saccades after 60-80 ms. The vertical components of
these saccades depend on the depth of the stimulation electrode. The
amplitude of the saccade is independent on the initial eye position in the
orbit indicating that saccades are coded in retinal coordinates (Crommelinck et al. 1977). Stimulation of the same structures elicits potentials in
both abducens nuclei in the cat, probably mediated by a polysynaptic
pathway via the cerebral cortex as removal of the superior colliculus does
not abolish these responses (Wilson and Goldberg 1980). Stimulation of the
pulvinar and lateral posterior nucleus in the monkey evokes a modulation
of visual responses in neurons of the parietal cortex (Blum 1985). These
findings suggest that the pulvinar exerts its oculomotor influence via the
cerebral cortex and support the idea that the general role of the pulvinar
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is to integrate information from subcortical and cortical sources and to
relay this to cortical areas (Acuna et al. 1983).
In monkeys, bilateral ablation of the caudal portion of the inferior
pulvinar causes a deficit in learning of visual discrimination (Chalupa et al.
1976) and prolonged visual fixations (Ungerleider and Christensen 1977 and
1979). In 2 patients undergoing stereotaxic operations for the relief of
intractable pain, coagulation of the right medial pulvinar was followed by
left-sided visual extinction (Straschill and Takahashi 1981). In one of these
patients the time necessary for the recognition of objects was markedly
increased. In 2 patients with left-sided pulvinar lesions increased reaction
times of visually guided saccades, neglect and disturbed visual search all
contralateral to the lesion and prolonged visual fixations have been
described but these patients also had damage to the parietal lobe (Zihl and
Von Cramon 1979, Ogren et al. 1984).
Some authors regard the function of the pulvinar to be related to the socalled second visual system, formed by the loop superior colliculuspulvinar-parietal lobe. This system is possibly involved in the detection and
localization of visual events and the direction of subsequent orientating
responses, including saccades. After the orientating response, the first
visual system (the geniculostriate pathway) will be able to identify the
event (Zihl and Von Cramon 1979). It is likely that a similar division of
functions exists on a cortical level: the inferior parietal lobule is probably
involved in the localization of objects in space while the temporal cortex
is involved in the identification of objects. Both depend on visual information via cortico-cortical connections from the striate cortex (Mishkin et al.
1983).

2.2.9. Internal medullary lamina
The intralaminar paracentral and central lateral nuclei in the rostral part
of the thalamic internal medullary lamina and the adjacent parts of the
dorsomedial, lateral dorsal and ventral lateral nuclei contain cells that
discharge in relation to visual events and eye movements (Schlag and
Schlag-Rey 1984, Schlag-Rey and Schlag 1984). This region receives
projections from the cerebellum (Thach and Jones 1979),pontine reticular
formation (Büttner-Ennever and Henn 1976), deeper layers of the superior
colliculus (Huerta and Harting 1984) and inferior parietal lobule (Kasdon
and Jacobson 1978). The fibers from the frontal eye field to the superior
colliculus give off collaterals to the internal medullary lamina (Leichnetz
et al. 1981). The internal medullary lamina projects to the striatum (Jones
and Leavitt 1974), frontal eye field (Barbas and Mesulam 1981), inferior
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parietal lobule (Mesulam et al. 1977), cingulate gyrus (Vogt et al. 1979)
and primary visual cortex (Tigges et al. 1982) (fig 2.1.).
The internal medullary lamina contains neurons that discharge in relation
to various kinds of ocular motor behavior (Schlag and Schlag-Rey 1984,
Schlag-Rey and Schlag 1984). Passive visual units respond 80-135 ms after
the onset of a visual stimulus in the receptive field whether or not a
saccade is made to the stimulus. Visually triggered eye movement units
discharge prior to visually guided saccades only, 80-120 ms after stimulus
onset. Some of these units have a weak response after a visual stimulus
which is enhanced if a saccade will be made to it. Presaccadic cells start
to discharge up to 400 ms before all saccades, including spontaneous
saccades made in the dark. Some presaccadic units discharge optimally
before saccades with a specific amplitude or in a particular, mainly contraversive direction. Pause-rebound units pause before, during or after
saccades. The pause in activity is followed by rebound activity. Most units
show this activity in relation to all saccades. Also units discharging in
relation with eye position or fixation were found.
The visual receptive fields of the passive visual units are all located in the
contralateral hemifield
and are large, the diameter ranging from 5 deg to
40 deg. Some visually triggered eye movement and presaccadic units have
contralateral movement fields, which are organized in retinal coordinates
or in spatial coordinates.
The wide assortment of cell properties encountered in the internal
medullary lamina differs from the more homogenous properties of cells in
the inferior parietal lobule or frontal eye field. The input of the internal
medullary lamina is not topographically organized and the output is
directed to multiple targets. Because of these characteristics, Schlag and
Schlag-Rey (1984) suggested that the function of the internal medullary
lamina is that of a structure which controls i.e. starts, stops or distributes
visual and ocular motor tasks performed by cortical areas. These cortical
areas would then analyze and process information on target localization,
target description or gaze orientation.
Stimulation of the internal medullary lamina with currents exceeding 30 μΑ
elicits contraversive saccades after about 40 ms (Schlag-Rey and Schlag
1984).
Unilateral ablation of the internal medullary lamina, dorsomedial nucleus,
medial pulvinar, superior colliculus, brachium of the superior colliculus,
pretectal nuclei, posterior commissure and habenula caused a decrease in
the amplitude of contralaterally directed visually guided saccades, which
was not corrected by subsequent correction saccades.This deficit was not
specifically related to the amplitude of the saccade but to saccades made
from eccentric eye positions. The amplitude deficit was not observed in a
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monkey with a superior colliculus lesion only. The deficit was explained by
damage to internal medullary lamina units with movement fields in spatial
coordinates (Albano and Wurtz 1982).
In humans, a small hemorrhage in the medial thalamus may cause a
conjugate deviation of the eyes contralateral to the lesion ("wrong way
eyes") of which the genesis is unclear (Fisher 1967).

2.3. EFFECTS OF HEMISPHERIC REMOVAL OR INACTIVATION

2.3.1. Effects of hemidecortication
After hemidecortication in man, visually guided saccades still can be made
to both sides. Most contralateral saccades are overshooting or undershooting the target, or are broken up in a series of small saccades.
Ipsilateral saccades are more accurate than contralateral saccades but are
less accurate than in normal subjects and are followed by correction
saccades after a short latency of 5-40 ms (Troost et al. 1972). Saccadic
duration is increased on both sides or only contralateral to the lesion
(Sharpe et al. 1979). The reaction times of saccades up to 40 deg are
increased on both sides but those of contralateral saccades to visual
targets 5 deg from the fixation point are significantly larger than those of
ipsilateral saccades (Sharpe et al. 1979).
The saccadic deficits after hemidecortication may be explained by the
hemianopic field defect which results from removal of the occipital cortex
or by removal of cortical visuomotor centers. Sharpe et al. (1979) suggested that targets in the blind hemifield, to which saccades were made, were
detected by the second visual system (2.2.7.). This system receives virtually
no direct projections from the central 10 deg of the retina (Hubel et al.
1975), thus explaining the prolonged reaction times of saccades to 5 deg.
The deficits in accuracy are probably not entirely explained by the
accompanying hemianopia as additional proprioceptive input about target
location, by touching the target with the non-paretic finger, did not
improve saccadic performance (Troost et al. 1972). It was assumed that the
intact frontal lobe initiated saccades to both sides in a less accurate way.
An alternative possibility would be that the thalamus or the superior
colliculus initiated the saccades, as these remained intact after the
hemidecortication. However, the thalamic internal medullary lamina is
known to degenerate after hemidecortication in cats (Murray 1966).
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2.3.2. Effects of hemispheric inactivation
After intracarotid injection of a barbiturate, which temporarily inactivates
a part of the ipsilateral cerebral hemisphere, human subjects are able to
make visually guided and spontaneous saccades to both sides, although in
some instances contralateral saccades do not cross the midline (Lesser et
al. 1985). During 5-10 seconds after the injection a transient ipsiversive
deviation of the eyes was seen. The authors supposed that the saccades
were generated by the superior colliculus and probably not by the frontal
eye field in the unaffected hemisphere because the frontal eye field is
predominantly implicated in the generation of contralateral saccades and
because the ipsilateral superior colliculus and the visual cortex which
projects to the superior colliculus escaped the injection of barbiturate.

2.4. SYSTEMS-ANALYSIS OF THE SACCADIC SYSTEM

2.4.1. Introduction
Early experiments indicated that the saccadic system prepares only one
saccade at a time and that between saccades there is a refractory period
of at least one saccadic reaction time. It was assumed that saccades are
preprogrammed, so that once initiated they cannot be modified by new
visual information (Westheimer 1954). Based on these experiments Young
and Stark (1963) proposed that the saccadic system acts as a "sampled data
system" which samples visual information at regular intervals. If an object
of interest is seen in the periphery of the visual field, its retinal error is
measured and after 200 ms a saccade is generated of appropriate amplitude
and direction which foveates the object. After the saccade, the retinal
position of the target is sampled again. If the object was not foveated,
either because the saccade was to small or the object had moved, the
sequence will start again. Some important objections have been raised
against this model. First, there are indications that the saccadic system is
able to prepare 2 different saccades at a time (parallel programming): the
minimum interval between saccades may be considerably shorter than 200
ms (Becker and Jürgens 1979). Second, a saccade to a target can be
modified by new visual information if this is given at least 80 ms before
the onset of the saccade. Third, visual information is apparently continuously processed, even during a saccade: when a target is flashed briefly on
the fovea during a saccade, a new saccade ensues which foveates the
flashed target. Thus even with the retinal error being zero when the
target is flashed, the saccadic system can calculate the position of the
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target, presumably because the position of the eye in the orbit is known
at the time of the flash (Hallett and Lightstone 1976). This indicates that
the saccadic system can locate a target's position in retinal coordinates as
well as in spatial coordinates.
Based on these experiments a model was proposed for the generation of
horizontal visually guided saccades (Becker and Jürgens 1979). Some of the
experiments and the model will be discussed in the next paragraphs.

2.4.2. The experiments of Becker and Jürgens
Becker and Jürgens (1979) investigated saccades to visual targets in 5
normal subjects. The targets were mounted in a horizontal array on a
screen in front of the subject. The distance between the targets was 15
deg. Visual stimulation included double-step and single-step stimuli. With a
single-step stimulus the target stepped from a fixation point to a peripheral location. With a double-step stimulus the target first stepped from the
fixation point to a peripheral location (first step). After an interstep time
of 50, 100, 150 or 200 ms the second step brought the target to another
peripheral location. In all step stimuli the onset of a new target occurred
simultaneously with the offset of the previous target.
Four different classes of double-step stimuli were given. For instance, with
a pulse undershoot (PU) stimulus the target first stepped from the fixation
point to 30 deg on one side, followed after the interstep time by the
second step to 15 deg on the same side. With a staircase stimulus the
target stepped twice 15 deg in the same direction.
The subjects were instructed to follow the target with the eyes as rapidly
as possible. The different saccadic responses to PU stimuli are illustrated
in fig 2.2., left. Saccades starting soon after the second target step were
directed to the position reached by the target after the first step i.e. 30
deg (fig 2.2. left, 1). Apparently the time interval between the second step
and the saccade was too short to take into account the position of the
target after the second step. If the time interval between the second step
and the saccade was large, the first step was ignored and the saccade was
directed to the position reached by the target after the second step i.e. 15
deg (fig 2.2. left, 3). For intermediate intervals the saccade was directed
between the 2 target positions (fig 2.2. left, 2). Apparently the saccade
could be shortened by the second target step but not enough to be
directed to 15 deg. After the first saccade a correction saccade was made
directed to the target position reached after the second step (fig 2.2. left,
1 and 2). In other words the amplitude A of a saccade to a PU stimulus
depends on the time interval D between the second target step and the
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onset of the saccade. The relation between A and D is illustrated in fig
2.2., right. In this figure each data point represents one saccade of which
D is plotted against A. If D is smaller than 80 ms, A is about 30 deg
which is the position of the target after the first step. Actually most
saccades fall somewhat short of 30 deg because the saccadic gain is
approximately 0.9 (see 2.1.2.). If D is larger than 200 ms the amplitude of
the first saccade is 15 deg, which is the position of the target after the
second step. Again most saccades fall slightly short of 15 deg. For values
of D between 80 ms and 200 ms there is a gradual transition in A from 30
deg to 15 deg. Becker and Jürgens called the idealized relation between A
and D the amplitude transition function (ATF). The scattered data points
might be called the amplitude transition cluster (АТС). The ATF consists
of 3 straight-line segments about which the data points are scattered: the
first horizontal segment representing saccades to the position of the target
after the first step, the oblique segment representing the amplitude
transition and the second horizontal segment representing saccades
directed to the target position after the second step (fig 3.2.). The ATF is
characterized by the modification time Dm which is the value of D at the
intersection of the first horizontal and the oblique segment and the
transition time which is the time interval between Dm and the value of D
at the intersection of the oblique segment with the second horizontal
segment. In the ATFs obtained with PU-stimuli Dm was 80 ms and the
transition time was 120 ms.
With the other classes of double-step stimuli the amplitude of the saccade
also depended on the time interval between the second target step and the
onset of the saccade. In the ATFs obtained with these other classes of
double-step stimuli the transition time was also 120 ms but Dm was larger
than in the ATFs obtained with PU stimuli.
The parameters of saccades to the left and right were pooled in the same
АТС: no separate ATCs and ATFs were obtained for the left and right.
It must be emphasized that, by definition, D depends on the reaction time
of the saccade as well as on the interstep time, because D = reaction time
minus interstep time (fig 2.2.). The saccadic reaction time is, within
certain limits, different for each saccade within one subject while the
variation of the interstep time is set by the experimenter. When, for
instance,
the interstep time of a double-step stimulus is set to 200 ms
and the reaction time of the saccadic response to the stimulus is relatively
small, say 220 ms, D will be : 220 ms minus 200 ms = 20 ms. When the
reaction time of the saccade to the same stimulus is relatively large, say
300 ms, D will be: 300 ms minus 200 ms = 100 ms. When the interstep time
of the double-step stimulus is set to 50 ms, however, even a saccade with
a relatively small reaction time of 220 ms will result in a large value of D,
which will be : 220 ms minus 50 ms = 170 ms. Thus, the variation in D is
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Fig. 2.2. Left: PU: target position with a PU-stimulus. 1, 2, 3: different
saccadic responses to a PU-stimulus. Ordinate: target position (PU) or eye
position (1, 2, 3). Abscissa: time, it = interstep time, rt = saccadic reaction
time. Right: a schematic diagram of the ATC/ATF, which can be obtained
by collecting a large number of responses to PU-stimuli; each dot repre
sents one response. The values of A and D of the responses 1, 2 and 3 are
plotted.
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caused by the variations of the reaction time and interstep time and
results in the different response types of fig 2.2. and in the АТС.

2.4.3. The model of Becker and Jürgens
The model of Becker and Jürgens (1979) is based on an interpretation of
the above mentioned data and describes the preparation of visually guided
horizontal saccades to double-step as well as to single-step stimuli. It is
assumed that the saccadic system consists of a chain of processing
elements, each having its own time delay. In this chain the processing of
different saccades may be carried out simultaneously, the only restriction
being that each element can prepare only one saccade at a time.
The processing elements of the chain are (fig 2.3.):
(1) Afferent element. This element is formed by the pathways which signal
the position of a target relative to the fovea (the retinal error signal) to
the decision element. Its delay Ta, as estimated from the latency of visual
responses in cells of the superior colliculus, is about 40 ms (Mohler and
Wurtz 1976).
(2) Decision element. This element decides whether a saccade to the right
or the left is required. It consists of 2 separate channels: one for saccades
to the right and one for saccades to the left. The input of the element is
the retinal error signal. As soon as this exceeds the threshold of one of
the channels, a decision process is started in that channel. The decision
takes a variable time Td which, estimated on mathematical and physiological grounds, has an average value of 100 ms. If the decision is completed, the averaging element on the same side is initiated.
(3) Averaeine element. This element consists of a time window and an
averager. The time window, when initiated by the decision element feeds
the retinal error signal into the averager during a fixed period Tw of
about 120 ms. At the end of the period Tw the averager has calculated the
averaged retinal error signal which then initiates the efferent element.
(4) Efferent element. This element consists of the pathways from the
averaging element to the saccade generator and from there to the ocular
motor nuclei, ocular motor nerves and eye muscles. Its delay Te, estimated
from saccadic responses to stimulation of the superior colliculus is about
35 ms. (Robinson 1972).
With a PU stimulus, the position of the target after the first step, the
position of the target after the second step or both may be averaged by
the averaging element. Which situation occurs depends on the time
required for the decision. If the decision is so rapid that it precedes the
arrival at the time window of the retinal error signal of the second target
step by a period equal or longer than Tw, the time window will only cover
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Fig. 2.3. Upper: a simplified scheme of the model of Becker and Jürgens.
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the target position after the first step, and the saccade is directed to the
target at 30 deg (fig 2.3. situation 1). If the decision takes more time, the
time window may cover the second target step. Positions of 30 deg and 15
deg will then be averaged, resulting in a saccade directed between 30 deg
and 15 deg, based on a weighted average of the two target positions (fig
2.3. situation 2). If, for some reason, the decision is very slow, it will
initiate the time window after the arrival of the retinal error signal of the
second target step and the time window covers only the position of the
target after the second step, resulting in a saccade directed to the target
at 15 deg (fig 2.3. situation 3). From these considerations it can be
concluded that the ATF obtained with this model is very much alike to the
ATF obtained in reality with PU stimuli. Tw is therefore identical with the
transition time in the ATF of PU stimuli and other double-step stimuli.
Although it may seem that with double-step stimuli the saccadic system is
fooled by the presence of the averaging element, the advantage of
averaging in daily life might be that the amplitude of a saccade is not
determined by short-lived and random variations of the retinal error
signal.
According to the model, a second target step that is just able to modify
A, has to arrive at the averager at the very end of the period Tw. Becker
and Jürgens inferred that in this situation D = Dm = Ta + Te = 40 ms + 35
ms = 75 ms. This value is in agreement with the above mentioned value for
Dm of 80 ms.
In the model the total delay of the saccadic system, measured from the
target presentation until the onset of the saccade, equals the sum of the
individual delays of the 4 elements, which is Ta + Td + Tw + Te = 40 +
100 + 120 + 35 = 295 ms. The interval between the target presentation and
the onset of the saccade is also the reaction time of that saccade which
therefore has to be equal to 295 ms. The mean reaction time of saccades
to single step stimuli in these experiments was 285 ms which agrees quite
well with the predicted value of 295 ms. According to the model, the time
delays of Ta, Tw and Te are fixed while Td is variable; therfore the above
mentioned variation of the saccadic reaction time is due to the variation
of Td.

2.4.4. Influence of target separation on the ATF
As saccades in daily life are often smaller than 15 deg (Bahill et al. 1975b)
and since Becker and Jürgens used target steps of more than 15 deg,
Findlay and Harris (1984) repeated the experiments of Becker and Jürgens
in 2 subjects, using double- step stimuli consisting of target movements
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smaller than 10 deg. They obtained typical ATFs; Dm however was 60-80
ms for all stimulus classes while Becker and Jürgens found different values
of Dm with different stimulus classes. Moreover the subjects of Findlay
and Harris made few saccades during the transition time, suggesting that
the new visual information of the second target step inhibits the saccadic
generation process.
By presenting double-step stimuli in which the targets moved in several
different directions a "direction transition function" was obtained which
had the same characteristics as the ATF such as a Dm of 60-80 ms and a
Tw of 80-100 ms, thus suggesting that saccadic amplitude and direction are
not evaluated separately (Findlay and Harris 1984). Saccades at the end of
the transition time were directed beyond the second target i.e., in case of
a PU stimulus, considerably smaller than normal saccades to the position
of the target after the second step ("ATC-undershoot").
When double-step stimuli are presented in which the second target step is
as large as 45 deg, saccades are either directed to the target position
after the first step or to that after the second step but not in between.
This results in an ATF, characterized by 2 horizontal segments only (Ottes
et al. 1984). Apparently in this situation, averaging does not occur and the
model of Becker and Jürgens cannot be applied.

2.4.5. Influence of instruction on averaging
ATFs are generally independent on the instruction of subjects. Even if
subjects were instructed to track selectively one of a pair of simultaneous
stimuli averaging still occurred. Only if also trains of identical double
stimuli were presented or if feedback to the subjects was given about
their performance, averaging could be eliminated (Ottes et al. 1984). The
saccades in these situations had increased reaction times, suggesting that
extra neural processes were needed to avoid averaging.

2.4.6. Neural substrate of averaging
The results of simultaneous electrical stimulation of two sites in the
frontal eye field, superior colliculus or both (2.2.3.) suggest that, albeit
after artificial stimulation, these structures are capable of generating
averaged saccades, which is required for the model of Becker and Jürgens.
Ottes et al. (1984) suggest that averaging may reflect the large visual and
movement fields of cells in the frontal eye field and superior colliculus:
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because of the large fields the spatial resolution capacity of the frontal
eye field and superior colliculus will be low. Double-step stimuli with small
target separation will not be resolved which results in an averaged
saccade, while double-step stimuli with a large target separation can be
resolved, which results in a saccade directed to one of the targets.
However, as stated in 2.2.1., precise information about target localizaticrn
can probably be extracted from a set of neurons with large fields.
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CHAPTER THREE ; METHODS

3.1. EXPERIMENTAL SET-UP (fig 3.1.)

3.1.1. Introduction
The investigation of eye movements took place in a quiet and dark room.
After the subject was comfortably seated in a chair, Ag-AgCl electrodes
(Beckmann type) were fixed on the nasal and temporal epicanthi of both
eyes in order to record the horizontal movements of each eye separately
by means of electro-oculography (EOG). The head of the subject was
stabilized by a forehead holder. At 150 cm in front of the subject a
cylindrical screen was placed on which a horizontal array of light-emitting
diodes (LEDs) with a mutual distance of 10 deg was mounted. Each LED
subtended a visual angle of 0.15 deg. The luminance of each LED was 4
log units above mean foveal threshold. The rise time of the LEDs was 10
μ3. The LEDs were controlled by a semi-automatic stimulator. By adjusting
the stimulator, single-step or double-step stimuli of all classes could be
delivered. The amplitude, direction and interstep time were adjusted by
hand. Then by pushing a button the stimulus could be delivered. Before the
investigation started the subjects were dark adapted for 10 minutes. They
were told that eye movements were measured but were kept naive with
respect to the exact purpose of the investigation. The subjects were
instructed and repeatedly encouraged to follow the lights with the eyes as
rapidly as possible.

3.1.1.a. Data acquisition
The EOG signal was amplified by a Siemens Universal Amplifier 854 and
filtered with a bandpass of 0.03 Hz - 50 Hz (-3 dB). The frequency
characteristics of the filters gave a flat response from 0.1 Hz - 30 Hz.
The amplified and filtered EOG signals of each eye were separately
recorded on paper by an ink-jet writer (Siemens Mingograph EEG 10). The
paper speed was 6 cm/s. The target position was displayed on the same
record, thus permitting measurements of the temporal relation between
stimuli and responses.
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3.1.2. Visual stimulation
Double-step stimuli (PU stimuli and staircase stimuli) and single-step
stimuli were given. All stimuli started from the fixation target, i.e. the
LED at 0 deg, in front of the subject. About 1 second after a stimulus the
target returned to 0 deg.
In a PU stimulus the target first stepped from 0 deg to 20 deg on one
side (first step). This was followed after the interstep time by the second
step which brought the target from 20 deg to 10 deg on the same side.
In a staircase stimulus the target first stepped from 0 deg to 10 deg on
one side (first step). This was followed after the interstep time by the
second step which brought the target from 10 deg to 20 deg on the same
side.
In a single-step stimulus the target stepped from 0 deg to 10 deg or from
0 deg to 20 deg on one side.
3.1.3. Description of an experiment
An experiment consisted of 2 parts. The first part consisted of responses
to double-step stimuli. The second part consisted of responses to singlestep stimuli.
In the first part 12 series of double-step stimuli were given. Each series
consisted of 36 trials: (1) 5 calibration stimuli of 10 deg to the left and 5
calibration stimuli of 10 deg to the right; based upon the saccadic
responses to these stimuli the EOG signal was calibrated separately for
leftward and rightward saccades. (2) 10 PU stimuli and 3 staircase stimuli
to the right and 10 PU stimuli and 3 staircase stimuli to the left, presented in a random order. During one series the interstep time was fixed. The
interval between the stimuli varied pseudorandomly between 2 and 10 s.
The interstep times in the 12 successive series were: 200 ms, 100 ms, 50
ms, 150 ms, 100 ms, 200 ms, 50 ms, 150 ms, 150 ms, 50 ms, 100 ms and
200 ms. Between the series the subjects were allowed about 1 minute of
rest.
In the second part were given 25 single-step stimuli of 10 deg to the
right, 25 single-step stimuli of 20 deg to the right, 25 single-step stimuli
of 10 deg to the left and 25 single-step stimuli of 20 deg to the left,
presented in a random order and with a pseudorandom interval between the
stimuli of 2-10 s. In this part the EOG signal was calibrated for leftward
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Fig. 3.1. Diagram of the experimental set-up, depicting the situation in the
pause between stimuli, when the LED at 0 deg is on.
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and rightward saccades separately by means of all single-step stimuli of 10
deg.

3.2. DATA ANALYSIS

3.2.1. Introduction
Of each experiment separately the responses of the right eye were analyzed. The responses to the left and right were analyzed separately.
The values of the parameters of the saccadic responses were measured
from the paper record with a resolution of 0.25 mm. For the time parameters this results in a resolution of 4 ms. The resolution for the amplitude
parameters depends on the amplitude of the EOG-signal but predominantly
on the limitations of the EOG technique. With the EOG technique used,
the resolution of the amplitude parameters ranged from 0.5 deg to 1.0 deg.
The data were stored on disk and partly analyzed with an Apple lie
personal computer. Then the data were transferred to and analyzed further
with a VAX 11/785 computer (Digital Equipment Corporation).

3.2.2. Double-step stimuli
The responses to staircase-stimuli were not analyzed since the purpose of
these stimuli was merely to ensure some unpredictability in the stimulus
pattern.
The ATF was obtained from PU stimuli. This was done for the following
reasons: First, with PU stimuli, Becker and Jürgens (1979) obtained the
most complete ATFs which consisted of all 3 segments. With the other
types of double-step stimuli often incomplete ATFs were obtained. Second,
the ATF in response to PU stimuli provides more information about the
concepts of Becker and Jürgens than the ATFs in response to other
double-step stimuli: it yields Dm, which equals Ta + Te as well as Tw.
From each response to a PU stimulus the following parameters were
determined (fig 2.2.):
(1) the time interval D between the second target step and the onset of
the first saccade after the PU stimulus.
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(2) the amplitude A of the first saccade after the PU stimulus.
The values of A and D of each first saccade were plotted against each
other in a scatter diagram in which each dot represented one response to
a PU stimulus. These scatter diagrams are the ATCs. In each subject
separate ATCs were obtained from PU stimuli to the left (left АТС) and
from PU stimuli to the right (right АТС).
As stated in 2.4.2., Becker and Jürgens (1979) fitted their ATCs by means
of 3 straight lines. However the phenomenon of АТС-undershoot as
described by Findlay and Harris (1984) cannot be described by a straightline fit. In the present investigation the accuracy of the straight-line fit
was tested against a slightly more flexible description of the data. Each
АТС was fitted by means of 2 different models. In the first model the
АТС was fitted by the 3 straight lines of the Becker and Jürgens model.
In the second model the АТС was fitted by a curved line which was able
to follow АТС-undershoot if necessary.
As it was felt that the ATCs were not completely characterized by Dm and
Tw only (see 5.2.4.) two additional parameters, SCAT and LEVL were
introduced. SCAT indicates the scatter of data points and is defined as the
standard deviation of the distances in degrees between the data points and
the fit-line of the АТС. A large value of SCAT indicates a large scatter.
LEVL is defined in the straight-line model as the level, expressed in
degrees, of the first horizontal segment and in the curved-line model as
the level of the segment where D < Dm (fig 3.2.).
With the straight-line as well as with the curved-line model the fit was
performed by a least-squares fit algorithm (Marquardt 1963) as realized in
the CURFIT procedure, described by Bevington (1969). For both models the
fit procedure was performed in the following way. First, data with a value
of D smaller than -90 ms or larger than 500 ms and data with an ampli
tude larger than 25 deg or smaller than 3 deg were rejected. After the
rejection, the CURFIT procedure was started. When, by manipulation of
the 3 or 4 parameters (see below), the "goodness of fit" criterion (=
SCAT2) could not be improved further by more than a factor of 10"6, the
search was stopped. The "goodness of fit" criterion is the mean squared
difference between the data points and the fit line at corresponding values
of D. Subsequently all data points lying beyond 2.5 times the standard
deviation from the fit line were rejected, after which the fit procedure
was started once more, resulting in the final fit.
The straight-line model has 3 parameters of which the values were
manipulated by the CURFIT procedure in order to obtain the best-fitting
set of 3 straight lines. These parameters are Dm, the slope of the oblique
segment and LEVL. The level of the second horizontal segment was fixed
and determined by the average of the amplitudes of the first saccades of
the first 15 responses to single step stimuli of 10 deg (to the left for the
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left АТС and to the right for the right АТС) which were used for
calibration. From these 3 parameters, Tw was taken as the interval
between Dm and the value of D at the intersection of the oblique and
second horizontal segment. The CURFIT procedure was adapted in such a
way that Dm was allowed to adopt positive values only.
The curved-line model was borrowed from control systems theory (e.g.
Elgerd 1967, Göldner 1981). The motivation to introduce this model was its
capability to describe АТС-undershoot. A response function describing this
phenomenon with enough accuracy and having enough flexibility with
respect to other aspects of АТС behavior was the step response of a socalled proportional plus derivative control (PPD) system. The PPD system
reacts to the retinal error of a target. It should be emphasized that a
description of physiological processes in the brain was not intended and
that the only reason for introducing this model was to describe adequately
some features of the АТС. The behavior of the PPD system can be
expressed by the differential equation:
1__ dV(D)+2a _dy(D)+ y ( D ) = K x ( D )
ω

1
dD 2
">„ dD
in which y(D) is the eye position as a function of D, α the damping
coefficient, ωη is the natural frequency of the control system,
dy

—— and
dD

d2y
dD 2

are the first and the second derivatives of y(D),

x(D) is the target position and К is a system gain factor. The model has 4
parameters of which the values were manipulated by the CURFIT procedure
in order to obtain the best fitting line. These parameters are: Dm (at D =
Dm the system starts its reaction on the second step), the damping
coefficient α , the natural frequency ωη of the system and LEVL which is
the level of the system's output for D < Dm. The level of the final
response value was fixed and was determined in the same way as the level
of the second horizontal segment in the straight-line model.The CURFIT
procedure was adapted in such a way that Dm > 0 and that 0 < α < 1,
making the system underdamped or critically damped. The latter adaptation
has the advantage of restricting the number of possible almost equivalent
solutions to the fit problem. As will be explained in 5.1., the straight-line
model has been adopted to describe the ATCs of all subjects. For this
reason, the determination of Dm and Tw with the curved-line model will
not be discussed.
ATF parameters. When the final fit was obtained, the values of Dm, Tw,
SCAT and LEVL were determined. For each of these parameters the
differences between the left and right ATFs in an individual subject were
expressed by dDm = Dm left - Dm right, dTw = Tw left - Tw right, dSCAT
= SCAT left - SCAT right and dLEVL = LEVL left - LEVL right. These
parameters express the degree of asymmetry in each given subject.
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Fig. 3.2. An АТС in response to PU-stimuli and the fit by means of the
straight-line model. The ATF parameters Dm, Tw, SCAT and LEVL are
indicated. 1 = first horizontal segment. 0 = oblique segment. 2 = second
horizontal segment. The PU-stimuli were those of the present investigation.
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3.2.3. Single-step stimuli
From each response to a single-step stimulus the following parameters
were determined:
(1) the reaction time, which is the time interval between the onset of the
stimulus and the onset of the first saccade after the stimulus.
(2) the amplitude of the first saccade.
(3) the saccadic duration which is the time interval between the onset and
the end of the first saccade.
Reaction time parameters. For each subject the values of the following
parameters were determined: the mean reaction time of saccades to the
left (RT left) and the right (RT right), the difference RT left - RT right
(dRT), the standard deviation of the reaction times of saccades to the left
(SORT left) and the right (SDRT right) and the difference SORT leftSDRT right (dSDRT). SDRT left and SDRT right provide an indication of
the dispersion of reaction times within one subject. Within one subject the
reaction times of saccades to the left were compared with the reaction
times of saccades to the right by means of the 2-tailed Mann-Whitney li
test (MWU-test).
Amplitude parameters. For each subject the values of the following
parameters were determined: the mean amplitude of saccades to 10 deg on
the left (AIO left) and the right (AIO right), the difference AIO left - AIO
right (dAlO), the mean amplitude of saccades to 20 deg on the left (A20
left) and the right (A20 right), the difference A20 left - A20 right (dA20),
the standard deviation of the amplitudes of saccades to 10 deg on the left
(SDA10 left) and the right (SDA10 right), the difference SDA10 leftSDA10 right (dSDAlO), the standard deviation of the amplitudes of
saccades to 20 deg on the left (SDA20 left) and the right (SDA20 right)
and the difference SDA20 left - SDA20 right (dSDA20). SDA10 left, SDA10
right, SDA20 left and SDA20 right give an indication of the variation of
saccadic amplitudes. Within one subject the amplitudes of saccades to 10
deg on the left were compared with the amplitudes of saccades to 10 deg
on the right by means of the MWU-test as were the amplitudes of
saccades to 20 deg on the left with the amplitudes of saccades to 20 deg
on the right.
Amplitude-duration relation. For each subject were determined: the mean
duration of saccades to 10 deg on the left (S10 left) and the right (S10
right) as well as the mean duration of saccades to 20 deg on the left (S20
left) and the right (S20 right). As the saccadic duration depends on the
saccadic amplitude, a diagram was made for each subject in which the
values of AIO left and S10 left were plotted against each other as well as
the values of A20 left and S20 left (left Α-S diagram); a right A-S
diagram was obtained in a similar way.
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3.2.4. Rejection of responses
When there was clear evidence from the EOG record that the eye position
was not on target (0 deg) at the onset of a stimulus the response was
rejected. Responses in which the first saccade was directed opposite to the
stimulus direction were also rejected. If the time interval between the
onset of the stimulus and the first saccade was 50 ms or less, the
response was considered to represent a predictive saccade and was
rejected.
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CHAPTER FOUR : PATIENTS AND NORMAL SUBJECTS
In order to assess the effects of hemispheric, thalamic or collicular lesions
on visually guided saccades, patients with such lesions and neurologically
normal control subjects were investigated with the experiment described in
З.1.З.. The mean age of the patients was 55.7 years (standard deviation
10.4 years; range 35 years-74 years). The mean age of the normal subjects
was 40.9 years (standard deviation 17.6 years; range 20 years-66 years).
The ages in both groups were statistically slightly different (2-tailed
MWU-test; ρ < 0.04)1·. This might have consequences, since in some elderly
subjects age-related changes in saccades can be observed (2.1.2.).

4.1. PATIENTS

4.1.1. Selection
During 1984 and 1985 22 patients were selected for an experiment. These
patients met the following criteria:
- There were no signs of diminished consciousness, poor cooperation or
abuse of alcohol or drugs.
- There were no signs of clinical abnormalities in the visual system: a
decreased visual acuity was excluded by means of the Snellen chart, visual
field defects were excluded by means of the confrontation method,
strabismus was excluded by the cover test, cataract was excluded by slitlamp examination and abnormal optic fundi were excluded by funduscopy.
One patient (C4) did not fulfil all criteria because of a homonymous
quadrantanopia.
- There were no clinical signs of pontine or cerebellar disturbances.
- The neurological symptoms could be related to lesions, visible on CTscan. One patient (Ml) did not fulfil this criterion.

In the prêtent inveetigation, the significance level ів 0.0Б
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4.1.2. Classification
The selected patients were divided into 4 groups:
(1) Patients with cortical lesions. This group consisted of 16 patients,
classified CI to CI6, with lesions of one cerebral hemisphere involving the
cortex and the adjacent white matter in" all cases. A number of lesions
extended to parts of the basal ganglia or adjacent regions; none of the
lesions involved the thalamus however.
(2) Patients with thalamic lesions. This group consisted of 3 patients,
classified Tl to T3, with thalamic lesions. In 2 cases the adjacent internal
capsule was involved. The lesions were situated too dorsally to involve the
brachium of the superior colliculus or optic radiation.
(3) One patient with a lesion of both superior colliculi.
This patient was classified SI.
(4) One patient with bilateral corona radiata lesions.
This patient was classified Rl.
(5) One patient with migraine. This patient was classified Ml and had no
lesion on CT-scan.

4.1.3. Clinical data
The clinical examination consisted of:
History. The history of the current disease and of previous illness was
taken. The time interval between the onset of the current brain disease
and the experiment was determined as accurately as possible. The age and
handedness were noted.
Neurological and internal examination. The patients underwent a general
neurological and internal examination. Also examined were horizontal and
vertical voluntary saccades of maximal amplitude and horizontal and
vertical pursuit. The interval between the neurological examination and the
experiment was less than 1 day. The normal limits for the blood pressure
were 160/95 mmHg.
Perimetry. Computerized static perimetry (Rodenstock) was performed in
order to detect subclinical visual field defects. The interval between
perimetry and the experiment was less than 1 week. In 3 patients perimetry was not performed.
CT-scan. CT-scanning of the brain was performed by a General Electric
CT/T 8800 scanner. The patients were scanned from the foramen magnum
to the vertex with 10 mm slices parallel to a slice through the pineal body
and foramina of Monro. If necessary additional 5 mm slices were made.
The interval between the performance of the CT-scan and the experiment
was less than 1 week, except for patient C7 in which the CT-scan was
performed 101 days before the experiment; the CT-scan performed 150 days
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after the experiment showed exactly the same lesion, indicating that in the
large time interval between the experiment and CT-scan the lesion
remained unaltered.
Description of the CT-scan. The following characteristics of the CT-scan
lesion were obtained: the volume of the lesion was determined with the
CT-scanner; the existence of lateral displacement was established and the
localization of the lesion was determined by means of the mapping
procedures described below. In these procedures areas with ischemia and
edema were considered as belonging to the lesion. The description of the
CT-scans was performed by one person which was unaware of the clinical
data and the results of the experiments.
Mapping of cortical lesions. For each patient a map of the cortical regions
involved in the lesion was made according to the method described by
Mazzocchi and Vignolo (1978): on a template of the lateral surface of the
left cerebral hemisphere with outlines of the ventricular system and skull
(scale 1:1) as made by New and Scott (1975), parallel lines were drawn 10
mm apart in such a way that one of the lines ran through the pineal body
and foramina of Monro. The cerebral cortical surface was cut along this
line by the CT-scan slice through the pineal body and foramina of Monro.
The other parallel lines similarly represented the other CT-scan slices.
From every CT-scan slice the anterior and posterior cortical ends of the
lesion were determined and projected as points on the line of the template
corresponding with the CT-scan slice. Subsequently the points on the
template were connected by a smooth line. The resulting contour map
yielded the site and extent of the cortical region involved in the lesion.
Maps of the lesion on the medial surface of the cerebral hemisphere were
obtained using the same procedure. From the map it was determined
whether the lesion involved cortical visuomotor centers like the frontal
eye field, inferior parietal lobule, prestriate cortex and supplementary
motor area. The localization of the frontal eye field was obtained from the
maps of Foerster (1936) and Melamed (1979), the localization of the
inferior parietal lobule and prestriate cortex from the maps of Carpenter
(1978) and the localization of the supplementary motor area from the map
of Penfield and Jasper (1954) (fig 5.5.). The involvement of the basal
ganglia and adjacent regions was assessed by comparison of the CT-scan
slices with the horizontal brain sections of Nieuwenhuys et al. (1978)
which corresponded to the CT-scan slices used. The correct direction of
the CT-scan slices was checked by means of landmarks such as the sella
tursica and the borders of the lateral ventricles.
Mapping of subcortical lesions. The lesions in patients SI and Rl were
located with the aid of the above mentioned brain sections of Nieuwenhuys
et al. (1978). The lesions in patients Tl to T3 were all located on the CTscan slice through the foramina of Monro and the pineal body. In patients
T2 and T3 the lesions were confined to this slice while in patient Tl the
lesion extended to the slice 10 mm more dorsally; in this slice the lesion
involved the internal capsule only. With the aid of the brain section on
page 59 of Nieuwenhuys et al. (1978) and the atlas of Van Buren and
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Borke (1972), a drawing was made of the right thalamus and its nuclei at
the level of the CT-scan slice through the foramina of Monro and the
pineal body (fig 5.7.). For each of the patients Tl to T3 the lesions at the
corresponding level were projected on a copy of this drawing.
Electro-encephalographv (EEG). The spontaneous EEG and the EEG during
hyperventilation and photic stimulation were recorded on paper, using 12
or 21 channels. The EEG machines were a Siemens Mingograph EEG, type
16 or type 21. The electrodes were applied according to the international
10-20 system (Jasper 1958). The montages were longitudinal bipolar,
transverse bipolar and average reference (Cooper et al. 1980). The EEG
signals were filtered with a bandpass of 0.3 Hz to 30 Hz or 70 Hz (-3 dB).
The interval between the EEG and the experiment was less than 1 week
except in patient C7 in which it was 43 days; however as stated above
there were indications that this patient's lesion did not change during the
interval. In 8 patients the EEG was not performed.
Medication. The medication at the time of the experiment was noted as
some drugs can alter the saccadic performance.
Biochemistry. Biochemical investigations included measurement in blood of
hemoglobin, urea nitrogen, creatinine, sodium, potassium, chloride and
glucose. The interval between the biochemical investigation and the
experiment was less than 3 days. The normative values of the biochemical
parameters were: hemoglobin (males) 8.5-10.9 mmol/1, hemoglobin (females)
7.5-9.8 mmol/1, urea nitrogen 2.6-7.5 mmol/1, creatinine (males) 70-115μ
mol/1, creatinine (females) 55-95 μιηοΐ/ΐ, sodium 136-144 mmol/1, potassium
3.6-4.8 mmol/1, chloride 95-105 mmol/1 and glucose 3.5-5.0 mmol/1. In 2
patients biochemistry was not investigated.
Pathology. In 12 of the 13 patients with a brain tumor a biopsy was
performed to establish the pathological diagnosis of the tumor.
The clinical data on the patients are presented in appendix 1. The clinical
data will be discussed further in chapter 5, in conjunction with the results
of the experiments.

4.2. NORMAL SUBJECTS

4.2.1. Selection
During 1984 and 1985 11 normal subjects were selected for an experiment.
They met the following criteria;
- There was no history of brain disease.
- There were no signs of clinical abnormalities in the visual system (see
4.1.1.).
- There were no signs of poor cooperation or abuse of alcohol or drugs.
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4.2.2. Clinical data
The acquisition of clinical data in the selected normal subjects consisted
of the following parts:
History. The history of previous illness was taken. The age and handedness
were noted.
Medication. The medication at the time of the experiment was noted.
The clinical data of the normal subjects are presented in appendix 1. The
clinical data will be discussed further in chapter 5, in conjunction with
the results of the experiments.
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CHAPTER FIVE : RESULTS
All patients and the normal subjects N1 to N10 were investigated in at
least one experiment as described in З.1.З.. Normal subject N11 was
investigated with single-step stimuli only. Normal subjects N1, N3, N9 and
N10 and patient Ml each underwent a "second experiment which will be
discussed in 5.8 and 5.9.
Appendix 1 contains the clinical data and the results of the experiments
for each subject separately.

5.1. COMPARISON OF THE TWO MODELS DESCRIBING THE АТС
As stated in 3.2.2. each АТС was fitted by means of the straight-line
model and by means of the curved-line model. In order to establish which
model offered the best description of the ATCs the SCAT-values obtained
with the straight-line model were compared with the SCAT-values obtained
with the curved-line model. This can be done because SCAT is not only an
indicator of the scatter of data points but SCAT2 is defined as the
"goodness of fit": the smaller the value of SCAT, the better the fit. The
mean value of SCAT obtained with the curved-line model was slightly
smaller than the mean value of SCAT obtained with the straight-line
model, suggesting that the curved-line model performed slightly better.
However, the difference was not statistically significant (paired t-test)
indicating that, over all normal subjects and patients, the ATCs were
fitted equally well by both models. Only in 4 ATCs the value for SCAT
obtained with the curved-line model was more than 0.4 deg (i.e. 0.5 deg,
0.6 deg, 0.7 deg and 0.8 deg) smaller than that obtained with the straightline model. These ATCs are depicted in appendix 2. The straight-line model
was adopted to describe the ATCs of all patients and normal subjects for
the following reasons: (1) the difference between the 2 models was
statistically not significant, (2) the straight-line model is the simplest
model because it is characterized by 3 instead of 4 parameters, (3) the
straight-line model corresponds with the model of Becker and Jürgens
which has found acceptance in the literature. In the following the
straight-line fit of an АТС will be referred to as ATF. In appendix 1 the
ATCs together with the fitting ATFs are depicted. This combination will be
referred to as АТС/ATF.
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5.2. NORMAL SUBJECTS

5.2.1. Saccadic reaction time
In the group of normal subjects, there were no significant differences
between the values for RT left and right, nor between the values for
SDRT left and right (paired t-test). For this reason, the values for the
left and right of each parameter were pooled for the determination of the
range, mean and standard deviation (table 5.1.).
The range, mean and standard deviation of dRT
table 5.1.. Neither the mean dRT, nor the mean
different from zero. Therefore both were set to
the limits of normality for the absolute values
5.2.).

and dSDRT are given in
dSDRT were significantly
zero in the calculation of
|dRT| and |dSDRT| (table

Comparison of the reaction times of saccades to the left with the reaction
times of saccades to the right within one subject by means of the 2tailed MWU-test revealed a significant left-right difference in 4 subjects
(appendix 1). In these subjects RT right was smaller than RT left. Three
of these subjects were right handed. As one of the subjects was lefthanded and the other subjects in which the MWU-test revealed no leftright differences were right handed, it is unlikely that the difference is
related to handedness.
For each reaction time parameter the mean value in the normal subjects
plus or minus 2 times the standard deviation were used as limits of
normality (table 5.2.). Based upon this criterion, 1 normal subject (N7) had
abnormal reaction time parameters. As the MWU-test revealed a significant
left-right difference in 4 of the 11 normal subjects, it was not considered
a useful criterion for abnormality.
As an example the reaction time histograms of saccades to the left and to
the right of subject N11 are depicted in fig 5.1.. Visual inspection reveals
little difference between the histograms which is indicated by the small
values for |dRT| and |dSDRT|.
5.2.2. Saccadic amplitude
In the group of normal subjects there were no significant differences
between the values for AIO left and right, A20 left and right, SDA10 left
and right and SDA20 left and right (paired t-test). For this reason, the
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Fig. 5.1. Histograms of reaction times of saccades to the left and to the
right in normal subject N11 and patient C2. Binwidth 20 ms. The values
for RT (arrow-heads) and SORT (horizontal bars) are indicated. Note the
similarity of the histograms in the normal subject and the difference
between the histograms in the patient, in whom saccades to the left have
increased reaction times and saccades to the right have decreased reaction
times.
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Table 5.1. Range, mean and standard deviation of the saccade-parameters
in the normal subjects (second investigations excluded).
PARAMETER RANGE

MEAN

STANDARDDEVIATION

Dm
dDm

0 ms - 73 ms
-31 ms - 40 ms

36.70 ms
-0.80 ms

19.68 ms
26.08 ms

Tw
dTw

42 ms - 194 ms
-62 ms - 73 ms

114.60 ms
-4.00 ms

35.68 ms
40.17 ms

SCAT
dSCAT

1.4 deg - 2.6 deg
-0.9 deg - 0.5 deg

1.92 deg
-0.17 deg

0.30 deg
0.47 deg

LEVL
dLEVL

15.9 deg - 20.1 deg
-3.9 deg - 2.2 deg

18.07 deg
-0.64 deg

1.25 deg
1.81 deg

RT
dRT

210 ms - 303 ms
-62 ms - 40 ms

254.86 ms
3.91 ms

29.02 ms
28.49 ms

SDRT
dSDRT

32 ms - 142 ms
-105 ms - 15 ms

60.68 ms
-14.45 ms

25.64 ms
34.26 ms

AIO
dAlO

8.9 deg - 10.0 deg
-0.4 deg - 0.4 deg

9.64 deg
0.07 deg

0.32 deg
0.25 deg

SDA10
dSDAlO

0.5 deg - 2.0 deg
-1.1 deg - 1.2 deg

0.99 deg
0.02 deg

0.37 deg
0.56 deg

A20
dA20

16.1 deg - 20.4 deg
-3.3deg - 1.7 deg

17.81 deg
-0.35 deg

1.26 deg
1.82 deg

SDA20
dSDA20

0.6 deg - 3.7 deg
-1.9 deg - 2.3 deg

1.79 deg
0.10 deg

0.82 deg
1.05 deg

S10
S20

33 ms - 65 ms
47 ms - 83 ms

46.32 ms
66.50 ms

8.01 ms
9.93 ms

48

Table 5.2. Limits of normality.

Dm
IdDml

0 ms - 76 ms
52 ms

Tw
|dTw|

43 ms - 186 ms
80 ms

SCAT
IdSCATI

1.3 deg - 2.5 deg
0.9 deg

LEVL
|dLEVL|

15.6 deg - 20.6 deg
3.6 deg

RT

197 ms - 313 ms

IdRTI

57 ms

SORT
|dSDRT|

9 ms - 112 ms
69 ms

AIO
IdAlOl

9.0 deg - 10.3 deg
0.5 deg

SDA10
IdSDAlOl

0.3 deg - 1.7 deg
1.1 deg

A20
|dA20|

15.3 deg - 20.3 deg
3.6 deg

SDA20
|dSDA20|

0.2 deg - 3.4 deg
2.1 deg
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values for the left and right of each parameter were pooled for the
determination of the range, mean and standard deviation (table 5.1.)·
The range, mean and standard deviation of dAlO, dA20, dSDAlO and
dSDA20 are given in table 5.1.. As the mean values of these parameters
were not significantly different from zero, they were set to zero in the
calculation of the limits of normality for the absolute values |dA10|,
|dA20|, IdSDAlOl and |dSDA20| (table 5.2.).
The differences between the amplitudes of the first saccades to 10 deg on
the left and those to 10 deg on the right within one subject were not
significant in any of the normal subjects (2-tailed MWU-test). Comparison
of the amplitudes of the first saccades to 20 deg on the left with those to
20 deg on the right within one subject revealed significant differences in 7
subjects (2-tailed MWU-test; appendix 1). These subjects were all righthanded. In 5 of them A20 right was larger than A20 left while in 2 A20
right was smaller than A20 left. As in the other 3 right-handed subjects
the MWU-test revealed no significant differences it is unlikely that righthanded subjects generally have larger saccadic amplitudes on the right.
For each amplitude parameter the mean value in the normal subjects plus
or minus 2 times the standard deviation were used as the limits of
normality (table 5.2.). Based upon this criterion, the parameters SDA10
left, AIO right, SDA10 right, |dSDA10|, SDA20 left, A20 right and
|dSDA20| were each abnormal in 1 subject, resulting in a total of 4 out of
11 normal subjects having one or more abnormal amplitude parameters. As
the MWU-test revealed a significant left-right difference in 7 of the 11
normal subjects, it was not considered a useful criterion for abnormality.
5.2.3. Amplitude-duration relation of saccades
In the normal subjects there were no significant
values for SIO left and SIO right, nor between the
S20 right (paired t-test). Therefore the values for
pooled for the determination of the range, mean
(table 5.1.).

differences between the
values for S20 left and
the left and right were
and standard deviation

In order to assess the limits of normality for the amplitude-duration
relation the following method was adopted (fig 5.2.). The mean AIO and
the mean SIO plus 2 times the standard deviation were plotted in a
diagram; the mean A20 and the mean S20 plus 2 times the standard
deviation were plotted in the same diagram; these points (black dots) were
connected by the right boundary line in fig 5.2.. Also were plotted the
mean AIO and the mean SIO minus 2 times the standard deviation as well
as the mean A20 and the mean S20 minus 2 times the standard deviation;
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Fig. 5.2. The limits of normality of the A-S diagram. The oblique lines
with black dots are boundary lines. The significance of the black dots is
explained in 5.2.3.. Two examples are represented. The A-S diagram for
rightward saccades in subject N2 (0—0) falls entirely within the boundary
lines and is normal. The A-S diagram for rightward saccades in patient T2
(+
+) is located under the right boundary line, indicating that the
duration of saccades to the right is prolonged. 0 and + represent the
points at which AIO was plotted against S10 and A20 against S20.
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these 2 points (black dots) were connected by the left boundary line. If
the plotted data points of an Α-S diagram fell beyond the boundary lines,
the saccadic duration was considered to be abnormal.
In the group of normal subjects the duration of saccades to the right was
slightly increased in subject N9 and slightly decreased in subject N11.

5.2.4. The amplitude transition function
On visual inspection the ATC/ATFs in the normal subjects (appendix 1)
bear a strong resemblance to those obtained by Becker and Jürgens (1979)
and Findlay and Harris (1984) with PU stimuli. The ATC/ATFs of the
individual normal subjects differ from each other on visual inspection and
with respect to the values of the ATF parameters Dm, Tw, SCAT, LEVL,
dDm, dTw, dSCAT and dLEVL. These individual differences are expressed
by the rather wide ranges of values for the ATF parameters in the normal
subjects.
Becker and Jürgens (1979) did not separate their ATCs into left and right
ATCs. In the present investigation separate left and right ATC/ATFs were
obtained. The values for dDm, dTw, dSCAT and dLEVL indicate that this is
necessary because even in some normal subjects the left-right differences
were rather large. Some of the differences were obvious on visual inspection. For example in subject N2 the left and right ATC/ATF differ
considerably: on visual inspection Dm appears to be smaller on the right
while Tw seems to be larger on the right (appendix 1). These differences
are expressed by the relatively large absolute values for dDm and dTW.
Moreover on visual inspection the level of the first horizontal segment in
the left ATC/ATF is much lower than the level in the right ATC/ATF.
This conspicuous difference is expressed by the large absolute value for
dLEVL. Finally it can be observed that the scatter of data points in the
right ATC/ATF is larger than the scatter in the left ATC/ATF. Again the
difference is indicated by the relatively large absolute value for dSCAT.
On the other hand, in subject N6 there is little difference, on visual
inspection, between the left ATC/ATF and the right ATC/ATF. This is
reflected by the rather small absolute values for dDm, dTw, dSCAT and
dLEVL in this subject (appendix 1).
In the normal subjects there were no significant differences between
values for Dm left and right, Tw left and right, SCAT left and right
LEVL left and right (paired t-test). For this reason the values for the
and right of each parameter were pooled for the determination of
range, mean and standard deviation (table 5.1.).
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The range, mean and standard deviation of dDm, dTw, dSCAT and dLEVL
are given in table 5.1.. As the mean values of these parameters were not
significantly different from zero, they were set to zero in the calculation
of the limits of normality for the absolute values |dDm|, |dTw|, |dSCAT|
and IdLEVLI (table 5.2.).
For each ATF parameter the mean value in the normal subjects plus or
minus 2 times the standard deviation were used as limits of normality
(table 5.2.). Based upon this criterion the ATFs of 3 normal subjects were
slightly abnormal: in subject N2 SCAT right and |dLEVL| were increased;
in subject N3 Tw right was increased and in subject N9 Tw left was
decreased (appendix 1).

5.3. PATIENTS WITH CORTICAL LESIONS
In this section the relation will be discussed between the results of the
experiments and the location of the lesion in patients CI to С16. The
relation between the results of the experiments and other clinical data will
be discussed in 5.7..
The lesions in patients CI to С16 involved the cortical regions and the
adjacent white matter. In 9 patients the lesions extended to the optic
radiation, internal capsule, caudate nucleus, putamen or globus pallidus. In
6 patients the lesions caused lateral displacement on CT-scan. In order to
establish whether or not lesions in particular areas were associated with
abnormalities of certain saccade parameters the following
methods were
adopted. First, the maps of the cortical lesions in the patients in which a
particular saccade parameter was abnormal were superimposed and the
areas of overlap determined. This was compared with the superimposition
of maps of cortical lesions of patients in which the same saccade parame
ter was normal. Second, the ratio: number of lesions associated with an
abnormal parameter divided by the number of lesions associated with a
normal parameter was established for the frontal eye field, inferior parietal
lobule, prestriate cortex, supplementary motor area, optic radiation,
internal capsule, caudate nucleus, putamen and globus pallidus as well as
for the entire hemisphere (tables 5.5. and 5.6.). By means of the FisherYates test (Siegel 1956) it was determined whether lesions in a particular
area were significantly
associated with an abnormal parameter. As,
however, this test did not reveal any significant association, it was
investigated if a tendency for such an association existed. A tendency was
considered to exist if: (1) the above mentioned ratio for an area was at
least 3 times as large as the ratio for the entire hemisphere. (2) at least 3
lesions in a particular area were associated with an abnormal parameter
while no lesion in that area was associated with a normal parameter.
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5.3.1. Saccadic reaction time
In 8 out of the 16 patients with cortical lesions, one of the reaction time
parameters was abnormal (table 5.3.)·

5.3.1.1. Saccadic reaction time and side of the lesion
The relation between abnormal reaction time parameters and the side of
the lesion in the patients with cortical lesions is given in table 5.4.. The
table shows that RT or SDRT were abnormally increased contralateral to
the lesion in 5 patients. RT was larger contralateral to the lesion in 1
patient in which |dRT| was the only abnormality. In 1 of these patients
not only the contralateral RT was increased but the ipsilateral RT was
abnormally decreased at the same time. In 1 patient RT was bilaterally
increased. In only 1 patient the values for RT and SDRT were abnormally
increased ipsilateral to the lesion. Thus, in the majority of patients with
cortical lesions the reaction time parameters were abnormal contralateral
to the lesion.
The differences between the reaction times of saccades to the left and the
reaction times of saccades to the right were significant in 10 patients (2tailed MWU-test; appendix 1). In 8 of these patients the value for RT on
the side contralateral to the lesion was the largest while in 2 patients the
RT-value on the side ipsilateral to the lesion was the largest. In 5
patients, in which the MWU-test revealed a significant left-right difference, the values for |dRT] were normal. There was no relation between
right-handedness and a significant left-right difference obtained by means
of the MWU-test, as in only 3 of the 8 right-handed patients RT was
smallest on the right. Although the MWU-test was not considered to be a
criterion for abnormality of saccadic reaction times (5.2.1.), it supports the
notion that in most cases the abnormal reaction time parameters were
contralateral to the lesion.
5.3.1.2. Saccadic reaction time and location of the lesion
Superimposition of the maps of the cortical lesions in the patients with
abnormal reaction time parameters resulted in a maximal overlap of 4
lesions covering the caudal parts of the inferior and medial frontal gyri
(fig 5.3.). Four lesions did not affect this area: 1 lesion was located in the
superior and medial frontal gyrus, 1 lesion in the posterior temporal lobe
and 2 lesions were located in the inferior parietal lobule and occipital
lobe. Superimposition of the maps of the cortical lesions of the patients
with normal reaction time parameters resulted in a maximal overlap of 4
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Table 5.3. Synopsis of saccadic deficits in all patients. "+" indicates an
abnormality outside the mean ± 2 standard deviations. "++" indicates an
abnormality outside the mean ± 2.575 standard deviations.
ABNORMAL
ATF

ABNORMAL
ABNORMAL
ABNORMAL
REACTION TIME AMPLITUDE A-S
PARAMETERS
PARAMETERS DIAGRAM

+
+

+

PATIENT
CI
C2
C3
C4
C5
C6
C7
C8
C9
CIO
СП
C12
C13
C14
C15
C16

-t-t

+

Tl
T2
T3
SI
Rl
Ml(l)
Ml(2)
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lesions in the caudal parts of the medial and inferior frontal gyri and the
dorsal part of the postcentral gyrus. It can be observed from fig 5.3. that
in both groups of patients, roughly the same areas were affected. Table
5.5. shows that lesions in the frontal eye field, inferior parietal lobule,
prestriate cortex or supplementary motor area were as much associated
with normal as with abnormal reaction time parameters. Table 5.6. shows
that lesions of the optic radiation, internal capsule, caudate nucleus,
putamen and globus pallidus were associated more often with normal than
with abnormal reaction time parameters. Thus, there seems to be no
particular cortical or subcortical region which can be held responsible for
the abnormal reaction time parameters.
It was investigated whether lesions, associated with an increased contralateral RT, were located in other areas than lesions associated with an
increased ipsilateral or bilateral RT (table 5.7.). Despite the fact that both
RT-values were normal, patient CI was considered to have an increased
contralateral RT because |dRT| was increased and the contralateral RT
was larger than the ipsilateral RT. Table 5.7. shows that lesions, associated
with an increased contralateral RT preferentially involved the frontal eye
field and inferior parietal lobule, while the lesion associated with an
ipsilateral increased RT involved the temporal cortex and the lesion
associated with bilaterally increased RTs involved the frontal eye field and
supplementary motor area. However, the numbers of patients in the last 2
categories are far too small to draw conclusions.
It must be emphasized that 3 patients (CI, C2 and C4) with an increased
contralateral RT had homonymous hemianopic visual field defects contralateral to the lesion. These might have contributed to the increased RT. The
cause of the visual field defects was probably damage to the occipital
cortex (patient C4), optic radiation (patients CI and C4) or inferior
parietal lobule (patients CI, C2 and C4). Moreover, a decreased metabolism
in the striate cortex has been found, by means of PET-scanning, in
patients with homonymous hemianopia due to a lesion in the distribution of
the middle cerebral artery (Kuhl et al. 1980). This suggest that in patients
CI and C2 the striate cortex might also be involved secondarily.

5.3.2. Saccadic amplitude
In 8 out of the 16 patients with cortical lesions one or more amplitude
parameters were abnormal (table 5.3.).
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Fig. 5.3. Superimposition of the maps of cortical lesions on the lateral
surface of the brain. Upper: lesions associated with abnormal reaction time
parameters. Lower: lesions associated with normal reaction time parameters.
Note the similarity of the distribution and overlap of lesions in both
groups. The different grey tones indicate different degrees of overlap (see
fig 5.5. right).
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Table 5.4. Relation between increased or decreased reaction time parame
ters and the side of the lesion in patients with cortical lesions, contra =
contralateral to the lesion, ipsi = ipsilateral to the lesion. "+" = increased.
n
-" = decreased. If the parameters on both sides are normal but their
absolute difference is increased, the largest parameter is indicated by "(+)"
and the smallest by "(-)"·
PATIENT

RTcontra RTipsi

|dRT| SDRTcontra SDRTipsi

CI

(+)

(-)

+

C2

+

-

+

C3
C4

+
+

C7

+
+

C9

+

CIO

+

СП

+

+

+

+
+
+
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|dSDRT|

Table 5.5. The relation between saccadic deficits and involvement of
cortical visuomotor centres in the patients with cortical lesions. For each
centre is indicated the number of lesions, associated with abnormality of
particular parameters versus the number of lesions associated with
normality of those parameters. The underlined numbers indicate that a
tendency existed for an association between a lesion in a particular area
and an abnormal parameter. The numbers in paratheses refer to cortical
lesions in patients, not using dexamethasone (5.7.7.). FEF = frontal eye
field. IPL = inferior parietal lobule. PRE = prestriate cortex. SMA =
supplementary motor area.
FEF
n=9(3)

IPL
n=6(l)

PRE
n=3(2)

SMA
n=5(3)

Other
n=4(4)

ATF oarameters
Abnormal n=ll(6)
Normal n=5(4)

¿(1)
1(0)

6(0

1(2)
0(0)

3(2)
2(1)

id)
3(3)

Reaction time
p^r^meterç
Abnormal n»8(5)
Normal
n=8(5)

5(2)

3(1)
3(0)

2(1)

40)

KD

2(2)
3(1)

3(3)

Amolitude
parameters
Abnormal n=8(6)
Normal
n=8(4)

5(1)
4(0)

3(1)
3(0)

1(2)
2(0)

3(2)
2(1)

3(3)

Α-S diagram
Abnormal n=2(0)
2(0)
Normal
n=14(10) 7(3)

2(0)
4(1)

1(0)
2(2)

2(0)
3(3)

0(0)
4(4)

0(0)
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Table 5.6. The relation between saccadic deficits and involvement of
subcortical regions in the patients with cortical lesions. For each region is
indicated the number of lesions, associated with abnormality of particular
parameters versus the number of lesions associated with normality of those
parameters. The underlined numbers indicate that a tendency existed for an
association between a lesion in a particular area and an abnormal parame
ter. The numbers in parentheses refer to cortical lesions in patients, not
using dexamethasone (5.7.7.).
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nucleus
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Table 5.7. Relation between damage to particular cerebral regions and the
side of RT abnormality in the patients with cortical lesions. Ipsi =
ipsilateral to the lesion. Contra = contralateral to the lesion. "+" indicates
that a region is involved in a lesion. F E F = frontal eye field. IPL =
inferior parietal lobule. PRE = prestriate cortex. SMA = supplementary
motor area. RAD = optic radiation. INT = internal capsule. CAU = caudate
nucleus. PUT = putamen. PAL = globus pallidus.

PATIENT
increased
RT contra
CI
C2
C4
C9
СП
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+
+

+
+
+
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+

RAD INT
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+
+

+

+

+
+

+

+

+

increased
RTJESi
C7
increased
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CIO
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+
+

PAL
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5.3.2.1. Saccadic amplitude and side of the lesion
The relation between abnormal amplitude parameters and laterality of the
lesion is given in table 5.8.. For reasons of clarity no distinction has been
made between abnormal amplitude parameters in response to 10 deg trials
and abnormal amplitude parameters in response to 20 deg trials on the
same side. This was permitted because, within one patient, dAlO and dA20
were always both positive or both negative; the same holds for dSDAlO
and dSDA20.
Table 5.8. shows that in 6 patients in which A10/20 (= AIO and/or A20)
was abnormal it was either increased ipsilateral or decreased contralateral
to the lesion. Moreover, in 1 patient in which |dA10/20| was the single
abnormality, A10/20 was smaller contralateral and larger ipsilateral to the
lesion. Thus, in this group of patients, the saccadic gain was generally
larger ipsilateral and smaller contralateral to the lesion. The exception to
this rule was patient C4 in which A10/20 was increased contralateral to
the lesion. In this patient perimetry and clinical testing revealed a
homonymous visual field defect contralateral to the lesion. Abnormally
large saccades into the hemianopic field are known to be used as a
strategy to locate targets by patients with homonymous hemianopia (2.2.7.).
The visual fields were normal in the other patients with abnormal ampli
tude parameters, although patient CI2 was not tested with perimetry. This
suggests that the amplitude deficit was not due to visual field defects but
to other factors, for instance damage to one of the cortical regions
involved in visuomotor behavior, while the deficit in patient C4 might be
due to homonymous hemianopia.
The values for SD A10/20 (= SDA10 and/or SDA20) were increased contra
lateral to the lesion in 2 patients and bilaterally in 2 other patients.
In 10 patients the differences between the amplitudes of the first saccades
to 20 deg on the left and the amplitudes of the first saccades to 20 deg
on the right were significant (2-tailed MWU-test; appendix 1). In 4 of
these patients the difference was also significant for saccades to 10 deg.
In the patients in which the MWU-test revealed a significant left-right
difference, AIO or A20 was larger ipsilateral to the lesion in 8 patients
but contralateral to the lesion in 2 patients. This difference just did not
reach significance (1-tailed binominal test; ρ < 0.055) and the MWU-test is
not a reliable criterion for abnormality (5.2.2.), but these findings support
the above mentioned notion on saccadic amplitudes and laterality of the
lesion.
There was no relation between right-handedness and
right difference obtained by means of the MWU-test.
patients the MWU-test revealed a significant left-right
right was larger in only 2 of these patients. In 2 left-handed
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a significant leftIn 7 right-handed
difference; A10/20
patients in

Table 5.8. Relation between increased or decreased amplitude parameters
and the side of the lesion in patients with cortical lesions, contra =
contralateral to the lesion, ipsi = ipsilateral to the lesion. "+" = increased.
"-" = decreased. If the parameters on both sides are normal but their
absolute difference is increased, the largest parameter is indicated by "(+)"
and the smallest by "(-)".
PATIENT A10/20contra A10/20ipai

|dA10/20|

SDA10/20contra

SDA10/20ip«i |dSDA10/20|

+
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-

+
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+

+
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+
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-
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-

CIO
-
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(-)

+
+
+

+
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+

+

+
+

+
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+
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which the MWU-test revealed a significant left-right difference, the value
for A10/20 right was larger in one.

5.3.2.2. Saccadic amplitude and location of the lesion
Superimposition of the maps of the cortical lesions in the patient with
abnormal amplitude parameters resulted in a maximal overlap of 4 lesions
in the caudal part of the inferior frontal gyrus and in parts of the medial
frontal gyrus (fig 5.4.). Three lesions did not affect these areas: 1 lesion
was located in the postcentral gyrus and 2 lesions were located in the
inferior parietal lobule and occipital gyri. Superimposition of the maps of
cortical lesions associated with normal amplitude parameters resulted in a
maximal overlap of 4 lesions in the caudal part of the inferior and medial
frontal gyri. It can be observed from fig 5.4. that in both groups of
patients roughly the same areas were affected with the exception that the
occipital gyri, which were affected in 3 patients with abnormal amplitude
parameters, were not involved in the patients with normal amplitude
parameters. Tables 5.5. and 5.6. show that lesions in the prestriate cortex
tended to be associated with abnormal amplitude parameters. There is no
evidence to indicate that damage to any other particular region was
responsible for abnormal amplitude parameters.
It was also investigated whether lesions associated with an ipsilaterally
increased A10/20 and lesions associated with a contralaterally decreased
A10/20 were located in different areas.
Table 5.9. reveals that lesions
associated with an increase of the ipsilateral A10/20 all involved the
frontal eye field and supplementary motor area, while lesions associated
with a decrease of the contralateral A10/20 nearly all involved the frontal
eye field.
5.3.3. Amplitude-duration relation of saccades
Patients C5 and C6 had abnormal Α-S diagrams (table 5.3.). In both
patients the deficit was bilateral and consisted of an increased saccadic
duration.
Superimposition of the maps of the cortical lesions in these patients
revealed an overlap of 2 lesions covering the caudal parts of the inferior
and medial frontal gyri, ventral parts of the pre- and postcentral gyri and
the inferior parietal lobule. This area was also involved in the lesions of 8
patients with normal Α-S diagrams. Tables 5.5. and 5.6. show that lesions
in the any of the given cortical or subcortical structures were more
frequently associated with normal Α-S diagrams than with abnormal A-S
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diagrams.
Thus it cannot be stated that deficits in the amplitudeduration relation of saccades are related to lesions in a particular cerebral
region. Because of the very small number of abnormal Α-S diagrams,
tendencies were not determined.

5.3.4. Amplitude transition function
The fact that the ATF was abnormal in 11 out of the 16 patients with
cortical lesions constitutes one of the most important findings in the
present investigation (table 5.3.). Various combinations of abnormal ATF
parameters were encountered, none of which occurred in more than 2
patients.
Some examples of abnormal ATFs will be described (appendix 1). In the
ATC/ATFs of patient C3 it can be seen that Dm is increased on both
sides. Moreover in the right ATC/ATF the scatter of data points is very
large, which is indicated by the large value for SCAT right. The scatter of
data points is also very large in both ATC/ATFs of patient CIO and in the
left ATC/ATF of patient C4. Again these large scatters are expressed by
increased values for SCAT. In the ATC/ATFs of patient CIO and the left
ATC/ATF of patient C4 it can also be observed that the duration of the
oblique segment is increased; this is expressed by the large values for Tw.
A large Tw can also be seen in both ATC/ATFs of patient C8. The values
for LEVL have a wide range of normality; this is probably the reason why
only in one patient (CIO) LEVL was abnormal.
The above mentioned left ATC/ATF of patient C4 and both ATC/ATFs of
patient CIO exhibit such a large scatter of data points that the "shape" of
the АТС, as described by Becker and Jürgens (1979), is hardly distinguishable. In a number of other ATC/ATFs the scatter of data points is also
very large, for instance in the right ATC/ATF of patient C3, but in these
cases the shape of the АТС is better distinguishable. It could be argued
that in these instances the fit and the values for Dm, Tw and LEVL were
less reliably. This uncertainty does not arise in the ATC/ATFs with normal
SCAT-values, where the ATF and the values for Dm, Tw and LEVL could
be determined more accurately.
5.3.4.1. Amplitude transition function and side of the lesion
As stated above the ATF abnormalities were bilaterally in some patients,
while in others the abnormalities were restricted to one side, resulting in
large differences between the right and left ATFs. Some examples will be
described (appendix 1, table 5.10.). In patient C15, for instance, there are
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Table 5.9. Relation between damage to particular cerebral regions and type
and side of A10/20 abnormality in the patients with cortical lesions. Ipsi =
ipsilateral to the lesion. Contra = contralateral to the lesion. "+" indicates
that a region is involved in a lesion. FEF = frontal eye field. IPL =
inferior parietal lobule. PRE = prestriate cortex. SMA = supplementary
motor area. RAD = optic radiation. INT = internal capsule. CAU = caudate
nucleus. PUT = putamen. PAL = globus pallidus.
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+

+
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large left-right differences concerning Dm and Tw. In the left ATF
(ipsilateral to the lesion) Dm is too large while Dm is normal in the right
ATF. The unilaterally increased Dm results in an abnormally large differ
ence between Dm left and Dm right which is expressed by an increased
value for |dDM|. In this patient Tw contralateral to the lesion is relative
ly large while Tw ipsilateral to the lesion is relatively small but both
values are within normal limits. However, |dTw| is abnormally large,
indicating that an abnormal left-right difference exists despite the normal
values for Tw left and right. As can be observed from the ATC/ATFs in
patient C4 the left-right differences regarding Tw and SCAT are consider
ably, due to much larger values for both parameters in the left ATF,
contralateral to the lesion. These left-right differences are expressed by
abnormally large values for |dTw| and |dSCAT|. In a number of patients,
for instance patient С16, the difference between LEVL left and LEVL right
is rather large although |dLEVL| is within normal limits in all patients.
In the group of patients with cortical lesions there seemed to be no
relation between the side of the lesion and the side on which Dm was
abnormal ( table 5.10.). Dm was increased contralateral to the lesion in 2
patients, ipsilateral to the lesion in 2 patients and bilaterally in 1 patient.
Tw was abnormally large contralateral to the lesion in 2 patients (table
5.10.). Tw was abnormally large bilaterally in 3 patients; in 1 of these
patients |dTw| was also increased because the contralateral Tw was much
larger than the ipsilateral Tw. In 2 patients |dTw| was abnormal while Tw
left and Tw right were normal; the value of Tw contralateral to the lesion
was larger in 1 of these patients while in the other patient the value of
Tw ipsilateral to the lesion was larger. Thus, in most patients with cortical
lesions and abnormal Tw or |dTw|, Tw tended to be increased either
contralateral to the lesion or bilaterally.
No relation existed between the side of the lesion and the side of the
SCAT abnormality: SCAT was increased contralateral to the lesion in 2
patients, ipsilateral to the lesion in 3 patients and bilaterally in 2 patients
(table 5.10.).
In 1 patient the value for LEVL was decreased ipsilateral to the lesion
(table 5.10.).
5.3.4.2. Amplitude transition function and location of the lesion
When the maps of the lesions
superimposed, the largest degree
caudal part of the inferior and
part of the frontal eye field (fig

of patients with abnormal ATFs were
of overlap (7 lesions) occurred in the
medial frontal gyrus, an area covering a
5.5.). Four lesions did not affect this
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Table 5.10. Relation between increased or decreased ATF parameters and
the side of the lesion in patients with cortical lesions, contra » contralateral to the lesion, ipsi = ipsilateral to the lesion. "+" = increased. "-" =
decreased. If the parameters on both sides are normal or increased
bilaterally, and their absolute difference is increased, the largest parameter
is indicated by "(+)" and the smallest by "(-)".
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area: 2 lesions involved areas adjacent to or involving the frontal eye field
while the 2 other lesions were located in the inferior parietal lobule and
occipital gyri. Superimposition of the maps of lesions associated with
normal ATFs resulted in areas with a maximal overlap of 2 lesions situated
in the anterior portions of the superior and medial frontal gyri (fig 5.5.).
As can be observed from fig 5.5. the overlap of the lesions associated with
normal ATFs and the overlap of lesions associated with abnormal ATFs
occurred in different cortical regions.
The results obtained with the superimposition technique are supported by
table 5.5. which shows that lesions in the frontal eye field, inferior
parietal lobule or prestriate cortex tend to be associated with abnormal
ATFs and, with the exception of the lesion in patient C13 which clearly
involved the frontal eye field, not with normal ATFs. The only lesion
associated with an abnormal ATF and which was located outside the
cortical visuomotor areas was situated immediately anterior to the frontal
eye field ( patient С15).
Table 5.6. shows that lesions involving the optic radiation also tended to
be associated with abnormal ATFs; these lesions, however, all affected the
frontal eye field, inferior parietal lobule, prestriate cortex or supplement
ary motor area as well. It might be argued that the abnormal ATFs in
these 5 patients were caused by the involvement of the optic radiation.
However, perimetry was abnormal in only 2 of these patients indicating
that only in these patients the lesion in the optic radiation may have been
of functional significance.
Thus, abnormal ATFs tended to be associated with lesions affecting the
frontal eye field, prestriate cortex or inferior parietal lobule which
suggests that damage to these regions results in ATF abnormalities. In 2
patients the visual field defect might have contributed to the abnormal
ATFs.
Superimposition of the maps of the 4 cortical lesions associated with
abnormal Dm or Tw but with normal values for SCAT and LEVL (Cl, C8,
СП and CI5) resulted in a maximal overlap of 3 lesions in the caudal part
of the inferior and medial frontal gyri and of 2 lesions in the ventral part
of the pre- and postcentral gyri and parts of the inferior parietal lobule
and superior temporal gyrus. In 3 patients the frontal eye field was
involved; the lesion of the fourth patient was located immediately anterior
to the frontal eye field. In 2 patients the inferior parietal lobule, internal
capsule, caudate nucleus, putamen and globus pallidus were involved, while
in 1 patient, which also had a hemianopic deficit on perimetry, the optic
radiation was involved. These findings indicate, that in the more accurately
determined ATFs, the lesions, associated with increased values for Dm or
Tw share a common location only in the frontal eye field and adjacent
cortex. In this group of patients Tw was increased either bilaterally (C8)
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Table 5.11. Relation between damage to particular cerebral regions and
types of ATF-abnormality in the patients with cortical lesions, "increased
Tw only" refers to ATFs in which Tw is increased but Dm is normal.
"increased Dm only" refers to ATFs in which Dm is increased but Tw is
normal . "+" indicates that a region is involved in a lesion. FEF = frontal
eye field. IPL = inferior parietal lobule. PRE = prestriate cortex. SMA =
supplementary motor area. RAD = optic radiation. INT = internal capsule.
CAU = caudate nucleus. PUT = putamen. PAL = globus pallidus.
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Fig. 5.5. Left. Superimposition of the maps of cortical lesions on the
lateral surface of the brain. Upper: lesions, associated with abnormal ATFs.
Note that the largest degree of overlap occurs in and near the frontal eye
field. Lower: lesions, associated with normal ATFs. Note that all lesions
but one are located outside the frontal eye field, inferior parietal lobule
and prestriate cortex. The different grey tones indicate different degrees
of overlap (see fig 5.5. right).
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6 7 LESIONS

Fig. 5.5. Right. Upper: the position of lateral cortical visuomotor areas.
Lower: the significance of different grey tones.
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or contralateral to the lesion (СП and С15; in the latter |dTw| being
increased only, with a relative increase of Tw contralateral to the lesion).
In the model of Becker and Jürgens (1979) Dm and Tw are important
parameters, each reflecting different processes which may be executed in
different regions of the brain. It has been investigated if lesions associated with an abnormal Dm and a normal Tw and lesions associated with an
abnormal Tw and a normal Dm were located in different regions. The
cortical maps of the 2 lesions which were associated with an abnormal Dm
and a normal Tw did not overlap and involved the caudal part of the
inferior frontal gyrus, the ventral parts of the pre- and postcentral gyrus,
a part of the supramarginal gyrus, the superior and medial temporal gyri
and a part of the occipital gyri (fig 5.6.). Superimposition of the cortical
maps of the 4 lesions which were associated with an abnormal Tw but a
normal Dm resulted in a maximal overlap of 3 lesions in the caudal parts
of the inferior and medial frontal gyri. The lesion not affecting this area
involved the inferior parietal lobule and the occipital gyri. It will be
evident that the lesions in both groups did not involve clearly different
areas. Table 5.11. also indicates that the cortical visuomotor centres and
the subcortical regions involved in the lesions of both groups are not
clearly distinct.

5.4. PATIENTS WITH THALAMIC LESIONS
In the patients with thalamic lesions perimetry was normal, so none of the
observed saccadic deficits could be explained by visual field defects.

5.4.1. Saccadic reaction time
The reaction time parameters were normal in all 3 patients with thalamic
lesions (table 5.3.). In patient T2, the reaction times of saccades to the
left were significantly different from the reaction times of saccades to the
right (2-tailed MWU-test; appendix 1); the value for RT being larger on
the side contralateral to the lesion. In the patients with cortical lesions, a
similar tendency has been observed (5.З.1.). As the MWU-test could not be
used as a criterion for abnormality of reaction time parameters (5.2.1.), the
reaction times in this subject were regarded as normal.
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Fig. 5.6. Superimposition of the maps of cortical lesions on the lateral
surface of the brain. Upper: lesions associated with abnormal Tw and
normal Dm. Lower: lesions associated with abnormal Dm and normal Tw.
The different grey tones indicate different degrees of overlap (see fig 5.5
right).
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5.4.2. Saccadic amplitude
In 2 patients the amplitude parameters were abnormal (table 5.2.).

5.4.2.1. Saccadic amplitude and side of the lesion
AIO and A20 were quite severely decreased contralateral to the lesion in
patient Tl and AIO was slightly less than normal ipsilateral to the lesion
in patient T2. In patient Tl the left-right differences were also increased
as indicated by the abnormal values for |dA10| and |dA20|.
In patients Tl and T3 the differences between the amplitudes of the first
saccades to the left and the amplitudes of the first saccades to the right
were significant (2-tailed MWU-test; appendix 1). There was no relation
with handedness as in both patients A10/20 were larger on the left while
only 1 patient was left-handed. In both patients the values for AIO and
A20 were smaller contralateral to the lesion but it must be emphasized
that the MWU-test could not be used as a criterion for abnormality
(5.2.2.).

5.4.2.2. Saccadic amplitude and location of the lesion
The thalamic lesions were all located on the same CT-scan slice; the maps
of the thalamic lesions on this slice could therefore be superimposed in
order to determine areas of common involvement. In patient Tl only, the
lesion extended to a slice 10 mm more dorsally, in this slice involving the
internal capsule.
Superimposition of the maps of the lesions in patients Tl and T2, which
were associated with abnormal amplitude parameters, resulted in an overlap
covering the lateral portion of the lateral pulvinar, the lateral posterior
nucleus and the internal capsule (fig 5.7.). As the amplitude deficit was
severe and contralateral to the lesion in patient Tl while in patient T2 it
was slight and ipsilateral to the lesion, it was investigated if the 2 lesions
involved different areas (fig 5.7.). The lesion in patient T2 affected areas
which were also damaged by the lesion in patient Tl. However, in patient
Tl an area was affected which was not affected in patients T2 or T3 and
which comprised the rostral part of the internal medullary lamina, medial
part of the medial pulvinar, dorsomedial nucleus and ventral lateral
nucleus. This is particularly interesting since monkeys with lesions in the
internal medullary lamina and adjacent regions show a saccadic amplitude
deficit. Moreover in this region saccade-related unit activity has been
found (2.2.9.).
76

5.4.3. Amplitude-duration relation of saccades
In patients Tl and T2 the amplitude duration relation of saccades was
abnormal (table 5.3.)· In both patients the abnormality consisted of an
increased saccadic duration (fig 5.2.).
In patient Tl the abnormality was slight and concerned the Α-S diagram
contralateral to the lesion, while both Α-S diagrams were abnormal in
patient T2.
Superimposition of the lesions in patients Tl and T2 resulted in an overlap
including the internal capsule, the lateral portion of the lateral pulvinar
and lateral posterior nucleus (fig 5.7.). The area, uniquely affected in
patients Tl and T2 comprised the lateral posterior nucleus and internal
capsule. Thus, it seems that lesions in this region are associated with an
abnormal amplitude-duration relation. There are 2 objections against an
anatomical explanation for the increased saccadic duration. First, the
lesion associated with the serious deficit was smaller than the lesion with
the slight deficit and did not uniquely affect any single region. Second,
patients Tl and T2 both had relatively serious biochemical deficits which
also might be related to the increased saccadic duration (5.7.5.).

5.4.4. Amplitude transition function
The ATF was abnormal in all 3 patients with thalamic lesions (table 5.3.).

5.4.4.1. Amplitude transition function and side of the lesion
In patient T3 Dm was increased on both sides and in patient Tl |dDm|
was abnormal, the value for Dm contralateral to the lesion being larger
(table 5.12). Although no clear relation between the side of the lesion and
the side of the abnormal Dm existed, Dm was larger contralateral to the
lesion in all 3 patients (appendix 1).
Tw was increased ipsilateral to the lesion in 1 patient, decreased contrala
teral to the lesion in 1 patient and increased bilaterally in 1 patient (table
5.12.). In the first patient, |dTw| was abnormal not only due to the
abnormally large value for the ipsilateral Tw, but also due to the very
small, but still normal, value for the contralateral Tw. In all 3 patients Tw
was smaller contralateral to the lesion. Thus, in the patients with thalamic
lesions, Tw tended to be larger ipsilateral to the lesion or bilaterally. This
picture is clearly different from that in the patients with cortical lesions:
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in these patients Tw tended to be larger contralateral to the lesion or
bilaterally.
SCAT was abnormally large contralateral to the lesion in 1 patient (table
5.12.).
LEVL was abnormally small contralateral to the lesion in 1 patient (table
5.12.).
5.4.4.2. Amplitude transition function and location of the lesion
When the maps of the lesions of patients Tl to T3, which were associated
with an abnormal ATF, were superimposed, the lesions overlapped in an
area covering the lateral portion of the lateral pulvinar and the lateral
posterior nucleus (fig 5.7.).
In all 3 patients Dm or Tw were abnormal; superimposition of the lesions
associated with abnormal Dm or Tw therefore resulted in the same region
of overlap as described above.
The area uniquely affected in the 2 patients (Tl and T3) in which Tw was
increased ipsilateral or decreased contralateral to the lesion comprised the
border of the lateral and medial pulvinar and the centromedian nucleus (fig
5.7.).
The lesion in patient T3, associated with abnormal values for Dm and Tw
but with normal values for LEVL and SCAT involved the lateral pulvinar,
medial pulvinar, centromedian nucleus and lateral posterior nucleus (fig
5.7.).
The lesion in patient Tl, associated with the abnormally decreased
contralateral value for LEVL was also the one which was associated with
the abnormally decreased contralateral values for A10/20. The characteristics of this lesion have been discussed in 5.4.2.2..
There was no clear indication that lesions, associated with an abnormal Tw
and the lesion, associated with an abnormal Dm involved different areas:
the overlap-area of the lesions, associated with an abnormal Tw (patient
Tl, T2 and T3) and the area covered by the lesion, associated with an
abnormal Dm (patient T3) were almost confined to the same region (fig
5.7.).
These findings suggest that the ATF-abnormalities are related to lesions of
the lateral pulvinar and lateral posterior nucleus while the Tw abnormality,
typical for the patients with thalamic lesions is associated with lesions of
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ANTERIOR NUCLEAR GROUP

VENTRAL LATERAL NUCLEUS
DORSOMEDIAL NUCLEUS
ROSTRAL INTERNAL MEDULLARY
LAMINA
CENTROMEDIAN NUCLEUS
LATERAL POSTERIOR NUCLEUS

MEDIAL

PULVINAR

LATERAL PULVINAR

Fig. 5.7. Upper: the thalamic nuclei at the level of the CT-scan slice
through the foramina of Monro and pineal body. Lower: overlap of the
lesions in patients Tl, T2 and T3 at this level. The different grey tones
indicate different degrees of overlap(see fig 5.5. right).
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Table 5.12. Relation between increased or decreased ATF parameters and
the side of the lesion in the patients with thalamic lesions, contra =
contralateral to the lesion, ipsi = ipsilateral to the lesion. "+" = increased.
"-" = decreased. If the parameters on both sides are normal but their
absolute difference is increased, the largest parameter is indicated by "(+)"
and the smallest by "(-)"·
Dm
PATIENT contra

Dm |dDM| Tw
Tw |dTw| SCAT SCAT |dSCAT| LEVL LEVL |dLEVL|
ipsi
contra ipei
contra ipsi
contra ipsi

Tl

(-)

(+)

T2
T3

+

+ +
+

+

+

+

+

+

80

+

the centromedian nucleus and the border region between the lateral and
medial pulvinar. The pulvinar and lateral posterior nucleus are both
known to be involved in saccadic behavior (2.2.8.). The deficits in saccadic
amplitude which are expressed by small values for LEVL and A10/20 are
probably related to lesions of the rostral part of the internal medullary
lamina and adjacent regions.

5.5. THE PATIENT WITH COLLICULAR LESIONS
One of the most remarkable findings in the present investigation is that
patient SI with bilateral superior colliculus lesions had normal reaction
time parameters, amplitude parameters, Α-S diagrams and ATFs (table 5.3.).
This is particularly interesting since the superior colliculus is regarded by
a number of authors as being very important in the initiation of saccades
and the computation of saccadic amplitude and direction. This finding
might suggest that in man the superior colliculus is less important or that
other areas, such as the frontal eye field, may have taken over the
functions, normally performed by the superior colliculus (2.2.4.).

5.6. THE PATIENT WITH CORONA RADIATA LESIONS
In patient Rl with bilateral corona radiata lesions, the value for RT right
was increased. The other reaction time parameters, the amplitude parame
ters and the Α-S diagrams were normal. The ATFs were characterized by
bilaterally increased values for Dm, while the other ATF parameters were
normal (table 5.3., appendix 1).
The lesions in this patient were located too dorsally to affect the optic
radiation. The visual fields were normal on clinical testing. It is therefore
unlikely that the saccadic deficit can be explained by visual field defects,
although perimetry has not been performed. As the lesion did not involve
any cortical or subcortical grey matter it is also unlikely that the deficits
were caused by involvement of cortical visuomotor centres or the thalamus.
The lesions might have affected connections between these structures.
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5.7. SACCADE PARAMETERS AND OTHER CLINICAL DATA
This section concerns the relation between clinical data, other than the
laterality or location of a lesion, and abnormal saccade parameters
(reaction
time
parameters, amplitude
parameters, amplitude
duration
relation and ATF). The results of the second experiments and of the
experiments in patient Ml are not included in this section and are dealt
with in 5.8 and 5.9..

5.7.1. Saccade parameters and perimetry
The possible effects of hemianopic field defects have been discussed in
5.3.. Although in an individual patient the presence of a hemianopic field
defect may have contributed to the saccadic abnormalities, there was no
evidence in the group of patients as a whole for a relation between
abnormal saccade parameters and the presence of a hemianopic field deficit
on perimetry: the proportion of patients with an abnormality of any
particular saccade parameter among the patients with an abnormal perimetry was not significantly larger than the proportion of patients with an
abnormality of the same saccade parameter among the patients with normal
perimetry (1-tailed Fisher-Yates test; table 5.13.).

5.7.2. Saccade parameters and neglect
The possibility that the presence of abnormal saccade parameters may be
related to attentional deficits such as neglect has to be considered.
Although none of the patients had signs of severe neglect, 5 patients
showed tactile extinction which can be interpreted as a manifestation of
neglect. The proportion of patients with an abnormality of any particular
saccade parameter among the patients with tactile extinction was not
significantly larger than the proportion of patients with an abnormality of
the same saccade parameter among the patients without tactile extinction
(1-tailed Fisher-Yates test; table 5.13.). This suggests that generally the
abnormal saccade parameters were not related to neglect, although in the
individual case neglect may have contributed to saccadic deficits.

5.7.3. Saccade parameters and volume of the lesion
It is conceivable that the saccadic abnormalities are not due to damage of
particular cerebral regions but are the result of aspecific effects of a
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lesion such as mass effects. If this
were true, large lesions would be
more frequently associated with saccadic abnormalities than small lesions.
The volumes of the lesions in patients with any particular abnormal
saccade parameter were not significantly larger than the volumes of the
lesions in patients in which the same saccade parameter was normal (1tailed MWU-test). The same holds for patients with cortical lesions only
(1-tailed MWU-test). Therefore it is unlikely that the observed saccadic
abnormalities were the result of aspecific effects of lesions.
The above mentioned conclusion is supported by the absence of a correlation between abnormal saccade parameters and displacement on CT-scan in
the patients with cortical lesions: the proportion of patients with any
abnormal saccade parameter among the patients with displacement was not
significantly larger than the proportion of patients with the same abnormal
saccade parameter among the patients without displacement (1-tailed
Fisher-Yates test; table 5.13.). Similarly a lack of correlation was noticed
between bilateral abnormal saccade parameters and displacement on CTscan (1-tailed Fisher-Yates test; table 5.13.).

5.7.4. Saccade parameters and duration of symptoms
In the present investigation the duration of symptoms at the moment of
the experiment ranged from 6 days to 570 days. The mean duration of
symptoms was 125 days. Although saccadic abnormalities may have been
resolved within days after the onset of symptoms, it is also possible that
adaptive processes occurred later on or that symptoms worsened with time
(2.2.1.). There was however no significant difference between the duration
of symptoms in the patients with any particular abnormal saccade parameter and the duration of symptoms in the patients in which the same
saccade parameter was normal (2-tailed MWU-test). In other words, there
was no direct evidence for long-term adaptive processes in the present
investigation.
5.7.5. Saccade parameters and biochemical data
The biochemical abnormalities in a number of patients may have contributed to the observed saccadic abnormalities. However, the proportion of
patients with an abnormality of any saccade parameter among the patients
with biochemical abnormalities was not significantly larger than the
proportion of patients with an abnormality of the same saccade parameter
among the patients without biochemical abnormalities (1-tailed Fisher-Yates
test; table 5.13.). This suggests that biochemical abnormalities have no
effect on saccadic performance. It should be noticed that in the majority
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Table 5.13. Relation between saccade parameters and clinical parameters.
The numbers refer to the number of patients with abnormal or normal
parameters. The underlined numbers refer to a significant correlation, by
means of the 1-tailed Fisher-Yates test, between abnormal clinical and
abnormal saccade parameters.
CLINICAL

ATF

PARAMETER
A

N

R E A C T I O N TIME

AMPLITUDE

A-S

PARAMETER

PARAMETERS

DIAGRAM

A

N

A

A

N

N

PERIMETRY
Abnormal

3

0

3

0

1

2

0

3

Normal

11

4

5

10

8

7

4

11

Yes

4

1

2

3

2

3

2

3

No

11

5

7

9

7

9

2

14

NEGLECT

DISPLACEMENT
Yes

S

1

2

4

2

4

2

4

No

6

4

6

4

6

4

0

10

Abnormal

12

3

6

9

8

7

4

11

Normal

3

1

2

2

2

2

0

4

Yee

5

0

2

3

4

1

3

2

No

10

4

θ

8

6

8

Ì il

Yee

13

5

6

12

8

10

4

14

No

2

1

2

1

2

1

0

3

BIOCHEMISTRY

SERIOUS
BIOCHEMICAL
DEFICIT

MEDICATION

MEDICATION
CAUSING
DROWSINESS
Yes

9

2

4

7

5

6

2

9

No

6

4

4

6

5

5

2

8

A = Abnormal
N = Normal
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Table 5.13. (continued)

CLINICAL

REACTION TIME

ATF

AMPLITUDE
PARAMETERS

PARAMETERS
A N

PARAMETER

DEXAMETHASONE
Yee
5
10
No

1
Б

2

4

β

9

A

N

A-S
DIAGRAM
A N

4
13

BENZODIAZEPINE
Yee

6

0

3

3

0

6

No

9

β

Б

10

4

11

Yes

2

2

1

3

13

4

1
7

3

No

10

3

14

DIURETIC
Yee
No

3
12

3
3

2
6

4
9

2
8

4
7

2 4
2 13

ANALGESIC
Yee

4

0

11

β

2
6

2
11

1
9

3
8

0

No

8
1

2

S

7

5

1

2

1

Б
2

3 7

2

BETA BLOCKING

EEG
Abnormal
Normal

A = Abnormal
N = Normal
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4

4 13

0 3

of patients the abnormalities were rather trivial such as a slightly
increased value for glucose. Only in patients C5, C9, Tl, T2 and Rl they
were relatively serious: patient C9 had a moderate anemia while the other
4 patients had 3 or more abnormal biochemical parameters. Three of these
5 patients had abnormal amplitude-duration relations while only 1 out of
the 14 patients without serious biochemical abnormalities had an abnormal
amplitude-duration relation. This difference was slightly significant (1tailed Fisher-Yates test; ρ < 0.05; table 5.13.). No relation was found
between serious biochemical abnormalities and the other saccade parame
ters (1-tailed Fisher-Yates test; table 5.13.).

5.7.6. Saccade parameters and age
There was no significant difference between the ages of the patients with
any abnormal saccade parameter and the ages of the patients in which the
same saccade parameter was normal (2-tailed MWU-test) nor were there
indications that the patients with any abnormal saccade parameter were
older than the patients in which the same parameter was normal (1-tailed
MWU-test). This suggests that the saccadic abnormalities were not due to
age-related factors.

5.7.7. Saccade parameters and medication
Eighteen out of the 21 patients used one or more drugs. It was investiga
ted if the used drugs had effects on saccadic performance, although this
was rather difficult to assess because of the great diversity of the drugs
used. For this reason the drugs were grouped into 5 categories: dexamethasone (used by 6 patients), benzodiazepine derivatives (used by 6
patients), analgesic drugs (used by 4 patients), beta-blocking drugs (used
by 4 patients) and diuretic drugs (used by 6 patients). Eleven patients used
either beta-blocking drugs, benzodiazepine derivatives,
Phenytoin or
amitriptyline, which relatively frequently produce drowsiness (Martindale
1977).
The proportion of patients with an abnormality of any particular saccade
parameter among the patients using drugs was not significantly larger than
the proportion of patients with an abnormality of the same saccade
parameter among the patients not using any drugs. The same holds for
patients using, versus patients not using, any of the above mentioned 5
categories of drugs. It holds also for patients using, versus patients not
using, drugs which may produce drowsiness (1-tailed Fisher-Yates test;
table 5.13.). Thus, there was no evidence that the use of drugs was related
to saccadic deficits.
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The use of dexamethasone in 6 patients with cortical lesions due to tumors
presents a major problem. On CT-scan, only a small amount of the edema
surrounding a brain tumor is reduced by dexamethasone despite dramatic
improvement of the clinical signs due to edema (Müller et al. 1984).
Therefore, in the patients with cerebral tumors using dexamethasone, the
delimitation of functionally significant lesions may have been inaccurate.
For this reason the relation between saccadic deficits and the involvement
of cortical visuomotor centres and subcortical regions has been reexamined in the group of patients with cortical lesions, not using dexamethasone (tables 5.5. and 5.6.). In this group lesions affecting the frontal
eye field or supplementary motor area were more associated with abnormal
than with normal ATFs, reaction time parameters and amplitude parameters, while lesions affecting the prestriate cortex or optic radiation were
more associated with abnormal than with normal ATFs and amplitude
parameters. None of these patients had abnormal Α-S diagrams. The
numbers were, however, too small to reveal any significant association
between abnormal parameters and location of lesions, but they indicate
that in the small group of patients without dexamethasone medication the
lesions associated with saccadic deficits were located in one of the cortical
visuomotor centres or optic radiation.
It was also investigated if any of the known effects of drugs on saccades
was evident in the investigated patients. Patient C6 used amitryptiline,
which may cause internuclear ophthalmoplegia. From the EOG-record there
was no evidence for a typical deficit although the saccadic duration was
increased for saccades to both sides. This has been described in internu
clear ophthalmoplegia (Leigh and Zee 1983). Patients CI and C9 used
Phenytoin which, in toxic doses, may cause slow and hypometric saccades
(Thurston et al. 1984). In these patients saccadic duration was normal.
Only AIO left in patient C9 was slightly decreased, which indicates a
slight hypometria. However it is unlikely that this slight and unilateral
deficit was caused by a toxic effect of Phenytoin. Benzodiazepines may
cause slow but normometric saccades (Leigh and Zee 1983), but none of
the patients using benzodiazepines had an increased saccadic duration
(table 5.13.).

5.7.8. Saccade parameters and the EEG
EEG-analysis was performed in 11 patients with cortical lesions and in 2
patients with thalamic lesions (appendix 1).
In the small group investigated there was no evidence for a significant
correlation between abnormal saccade parameters and EEG abnormalities:
the proportion of patients with an abnormality of any particular saccade
parameter among the patients with an abnormal EEG was not significantly
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larger than the proportion of patients with an abnormality of the same
parameter among the patients with a normal EEG (1-tailed Fisher-Yates
test; table 5.13.)In 3 patients with cortical lesions (C7, C12 and CI5) the EEG was normal.
These patients all had relatively small lesions on CT-scan. In 4 patients
with cortical lesions (C2, C3, C4 and C5) there was a reasonable agreement
between the location of the lesion on CT-scan and EEG. In the 4 remai
ning patients with cortical lesions, there was a disagreement between the
location of the lesion on CT-scan and the location of the EEG abnormali
ties: in patient C6 the EEG-abnormalities were located more dorsally than
the lesion on CT-scan; in patient С П the EEG abnormalities were located
more caudally than the lesion on the CT-scan and in patient С16 the EEG
abnormalities were located more ventrally than the lesion on CT-scan.
These differences in localization were minor compared to the differences
in patient CI4 in which the CT-scan showed a lesion in the left frontal
lobe while the EEG showed a disturbance in the right temporo-occipital
region. The EEG disturbance might be the result of steal by the arteriove
nous malformation from the right temporo-occipital region (Mosmans 1974).
The EEG findings in the patients with cortical lesions indicate, however,
that regions which are normal on CT-scan may show functional disturban
ces in the EEG.
In patients Tl and T3 the EEG showed slight focal abnormalities on the
side of the thalamic lesion. This finding implicates, that the saccadic
deficit found in these patients might also be explained by functional
disturbances of one or more cortical visuomotor centres and not only by
the thalamic lesion itself.

5.8. EXPERIMENTS WITH UNEQUAL TARGET LUMINANCE

5.8.1. The ATF
For two reasons it was investigated to what extent the ATF depends on
target luminance. First, with alterations in target luminance, visual field
abnormalities can be simulated and their effects on the ATF can be
assessed. Second, the question arised whether Dm and Tw, which are so
important in the model of Becker and Jürgens (1979) remain unaltered
when target luminance is altered. For this purpose the normal subjects N 1 ,
N3, N9 and N10 underwent a second experiment with double-step stimuli.
During the second experiment in subjects N1, N3 and N10 the luminance of
the target at 10 deg on the left was decreased by 1 log-unit while the
other targets remained unchanged ("unequal target luminance"). The second
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experiment in subject N9 was a control experiment in which all targets
remained unchanged.
The ATFs obtained in the control experiment in subject N9 remained
largely unaltered compared to the first experiment: especially the values
for Dm and Tw remained strikingly similar (appendix 1), although LEVL
left became abnormally small.
The subjects, investigated with unequal target luminance, however, all had
abnormal ATFs (appendix 1), although Tw right in subject N3 already was
mildly abnormal during the first experiment. The alterations in the ATFs
of the 4 subjects are depicted in fig 5.8., which reveals that in the ATFs,
obtained with the unequal target luminance, the alterations of Dm, Tw and
LEVL or their differences could be at least twice as large as the alterations in the control subject. Surprisingly, despite the fact that the unequal
target luminance was on the left, the most conspicuous alterations
occurred in the right ATFs of subjects N1, N3 and N10 and consisted of a
simultaneous increase of Dm and a decrease of Tw and LEVL. In the left
ATFs of subjects N1 and N3, Tw increased. |dTw| increased in all 3
subjects investigated with unequal target luminance. The alterations of the
other ATF-parameters were either less than twice as large as in the
control subject or occurred in 1 subject only.
These results indicate that unequal target luminance on the left causes
fairly consistent alterations in the ATFs on both sides, especially in the
right ATF. Dm and Tw within one subject remain quite constant in the
course of time, when the experimental conditions are unaltered. These
results further suggest that the observed hemianopic visual field defects
may have caused strong ATF deficits. Nevertheless the ATF abnormalities
in patients CI, C2 and C4 who had hemianopic visual field defects were
quite different from those in the subjects investigated with unequal target
luminance (appendix 1). This is possibly due to the fact that hemianopic
field defects might have been better simulated by decreasing the luminance
of two targets on one side or of the target at 10 deg, the latter simulating hemianopia with macular sparing. There are, however, some conspicious similarities with the ATF deficits in patients with thalamic lesions.
In both groups the following deficits were observed with respect to the
side of the unequal target luminance and the side of the lesion: Tw was
either abnormally small contralaterally or abnormally large ipsilaterally (N3,
N10, Tl, T3) and LEVL was abnormally small contralaterally (N10, Tl).
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5.8.2. The reaction time parameters, amplitude parameters and
amplitude-duration relation
During the second experiments in subjects N3 and N9 also single-step
stimuli were given. Again, subject N3 was investigated with the above
mentioned unequal target luminance and subject N9 with unchanged
targets.
The alterations in subject N9 were all rather small, although AIO right and
dAlO became slightly abnormal. In subject N3, the alterations of some
parameters were at least twice as large as the alterations in subject N9.
These large alterations consisted of a decrease of RT left, SDRT right and
|dSDRT|, a decrease of SDA10 right, SDA20 left and SDA20 right and an
increase of |dSDA20|. Despite these alterations, the parameters in subject
N3 remained normal; AIO right, which was slightly abnormal during the
first experiment, became normal during the second experiment.
These results suggest that, although alterations on both sides may occur,
unequal target luminance does not result in abnormal saccadic reaction
time parameters, amplitude parameters or amplitude-duration relation.

5.9. THE PATIENT WITH MIGRAINE
Patient Ml (appendix 1) probably suffered from migraine. This was
supported by the EEG-findings and the slightly increased value of sodium
in the blood.
The first experiment, performed 4 days after the first symptoms, showed
an abnormal decrease of RT, ipsilateral to the side of the EEG-abnormalities and the side of the probable cortical functional deficit (see below).
The value for |dRT| was increased. This was probably due to a relative
increase of RT left which, however, did not reach abnormal proportions
(see below) and the abnormal decrease of RT right. The only other
abnormality was a slight increase of SDA10, ipsilateral to the functional
deficit. In the control experiment, performed 113 days after the attack no
deficits were found and the value for RT left was smaller than in the first
experiment. During this interval the patient experienced no further
episodes of migraine. This suggests that the saccadic deficits found during
the first experiment were related to the attack of migraine.
A very interesting finding in patient Ml is that, in the first experiment,
the left АТС fitted by means of the curved-line model was probably highly
abnormal (appendix 2): Tw left seems to be abnormally increased and much
larger than Tw right.
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Fig. 5.8. Comparison of the ATF-parameters obtained in second experiments
with those obtained in first experiments in 4 normal subjects. Only the
alterations are given. Columns pointing upward represent an increase.
Columns pointing downward represent a decrease. In each group of
columns: N1 left, N3 middle left, N10 middle right, N9 right. White
columns: alterations with unequal target luminance. Black columns:
alterations with a control experiment.
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The question arises whether a functional disturbance in a particular region
of the brain has been responsible for the observed saccadic deficits in
patient Ml. Although this patient had no anatomical lesion, the typical
spread of paresthesiae and the saccadic pursuit to the right suggest a
functional deficit in the right parietal region, which is not at variance
with the EEG-findings. This is supported by the evidence for a depression
of cortical function during a migraine attack (Lance 1982). A parietal
genesis for the saccadic deficits might therefore seem plausible, but it
must be emphasized that the depression of cortical functions in migraine
also involves other cortical regions and that functional deficits at the
level of the brainstem have also been described in migraine (Lance 1982).

5.10. BILATERAL VERSUS UNILATERAL DEFICITS
It was investigated whether unilateral lesions resulted in unilateral
saccadic deficits. Out of the 20 patients with unilateral lesions (patient Ml
included), 6 showed unilateral saccadic abnormalities while 10 showed
bilateral deficits (appendix 1). Nine patients with bilateral saccadic deficits
showed a deficit of the same parameter on the left and right. Table 5.14.
shows that, in the patients with cortical lesions and bilateral abnormali
ties, the frontal eye field was frequently involved. The patients with
thalamic lesions all had bilateral deficits. Thus, many unilateral cortical
and all thalamic lesions were associated with bilateral saccadic abnormali
ties.

5.11. CORRELATIONS BETWEEN SACCADE PARAMETERS
For reasons explained below, it was investigated if correlations existed
between Dm, Tw, SCAT, LEVL, RT, SORT, A20 and SDA20. For this
purpose, 3 groups were distinguished: group N, consisting of the results of
the experiments in the normal subjects but not including the results of the
second experiments; group Ρ consisting of the results of the experiments
in the patients, except patient Ml and finally group A, consisting of the
results of all experiments in the normal subjects and in the patients.
Despite this subdivision it was felt that, because of the small number of
subjects, no firm contusions could be drawn if correlations were present in
one group and absent in another group.
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Table 5.14. The relation between the location of lesions and the occurrence
of bilateral or unilateral saccadic deficits in patients with cortical lesions.
"+" indicates that a region is involved in a lesion. FEF = frontal eye field.
IPL = inferior parietal lobule. PRE = prestriate cortex.SMA = supplementary
motor area. RAD = optic radiation. INT = internal capsule. CAU = caudate
nucleus. PUT = putamen. PAL = globus pallidus.

PATIENT

FEF

IPL

+

+

+
+
+
+
+

+
+
+

+

+
+

PRE SMA RAD INT

Bilateral
saccadic

deficit
C2
C3
C5
C6
C8
C9
CIO
Unilateral
saccadic
deficit
CI
C4
C7
СП
C15

+
+

+

+
+
+

+
+
+

+
+

+

+
+

+

+
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5.11.1. Scatter of datapoints in the АТС
The scatter of datapoints in the АТС, expressed by SCAT, may be the
result of variations in D, which cause scatter in the horizontal direction
as well as of variations in the saccadic amplitude, which cause scatter in
the vertical direction. As explained in 2.4.2., the variability of D is the
result of the variation in saccadic reaction time and the variation in the
interstep time, the latter being set by the experimenter. The variation in
the reaction time, SDRT, is therefore a parameter for the variation in D.
SDA20 is a parameter for the variation in saccadic amplitude. If the
scatter of datapoints is the result of variation in both D and A, then
SCAT should be positively correlated with SDRT and SDA20, i.e. a large
SCAT-value should be the result of a large SDRT and a large SDA20.
Positive correlations existed only between SCAT right and SDA20 right in
group Ρ (г = 0.43; ρ < 0.05) and А (г = 0.40; ρ < 0.02) and, surprisingly,
also between SCAT right and SDA20 left in group Ρ (г = 0.81; ρ < 0.0001)
and А (г = 0.63; ρ < 0.0001). This suggests that the scatter of data points
in the АТС is caused mainly by variation in amplitude and less by
variation in saccadic reaction time.

5.11.2. Relation between Dm, Tw and LEVL
During the determination of the ATF by means of the straight-line model,
the values for LEVL, Dm and the slope of the oblique segment - and
therefore Tw - were manipulated by the fit-procedure, in order to obtain
the best fit (3.2.2.). For this reason, it is to be expected that these
parameters are related with each other. There was a negative correlation
between Dm left and Tw left in group Ρ (г = -0.45; ρ < 0.04) and А (г =0.35; ρ < 0.03) as well as between Dm right and Tw right in group Ρ (г =
-0.69; ρ < 0.0006) and A (г = -0.57; ρ < 0.0003). There was a negative
correlation between Dm left and LEVL left in group A (r » -0.35; ρ < 0.03)
and a positive correlation between Tw left and LEVL left in group N (r =
0.86; ρ < 0.001). These findings suggest that Dm and Tw depend on the
value of LEVL: a relatively large value for LEVL will result in an inter
section between the first horizontal and oblique segment at a relatively
small value for D (=Dm), while Tw will then be relatively large because
the oblique segment will have a relatively long duration.
The value for LEVL itself depends on the accuracy of the fit procedure;
especially when the first horizontal segment in the АТС is not very
distinct, inaccuracies might occur. According to Becker and Jürgens (1979),
LEVL depends on the saccadic gain. If the gain is relatively small, the
first saccades to PU-stimuli, for which D < Dm, will be relatively small.
This results in a relatively small value for LEVL. Therefore, it was
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investigated if LEVL was correlated with A20, which is an indicator for
saccadic gain. A positive correlation existed between LEVL left and A20
left in group N (r = 0.73; ρ < 0.02) and A (r = 0.37; ρ < 0.03), and
between LEVL right and A20 right in group Ρ (r= 0.60; ρ < 0.004) and A (r
= 0.53; ρ < 0.001). These findings strongly suggest that LEVL is at least
determined partially by a physiological factor, i.e. the saccadic gain and
that therefore the interdependency of Dm" and Tw may also be the result
of physiological factors.

5.11.3. Components of the saccadic reaction time
According to the model of Becker and Jürgens (1979), the reaction time of
a saccade is composed of several delays consisting of Dm, Tw and Td
(2.4.3.). If Dm or Tw are increased, then the saccadic reaction time should
also be increased, so that a positive correlation is to be expected between
Dm or Tw and RT. A positive correlation indeed existed between Tw left
and RT left in group A (r = 0.35; ρ < 0.04) as well as between Tw right
and RT right in group A (r = 0.34; ρ < 0.05). No correlation existed
between Dm and RT.
It is, however, unlikely that the formula reaction time = Dm + Tw + Td
can be applied straightforwardly, since in some instances the sum of Dm
and Tw only, appears to exceed RT! This holds for normal subject N3 on
the left (experiment with unequal target luminance), patient C2 on the
right, patient C4 on the left, patient C5 on the right, patients C8 and C10
on both sides, patient C12 on the right and patient T2 on the right.

5.11.4. Averaging
Becker and Jürgens (1979) supposed that the advantage of averaging is to
ensure that the amplitude of a saccade is not determined by short-lived
and random variations of the retinal error signal (2.4.3.). Thus, if the
position of a target is averaged during a longer time interval, the ensuing
saccade might be more accurate. If this is true, a large value for Tw
should result in smaller variations in saccadic amplitudes or a larger
saccadic gain. Tw should then be negatively correlated with parameters,
reflecting the variation of saccadic amplitude, like SDA20 and SCAT, while
it should be positively correlated with parameters reflecting the saccadic
gain, like A20 and LEVL.
Indeed some positive correlations were found between Tw and the gainparameters LEVL and A20: Tw left was correlated with LEVL left in group
N (r = 0.86; ρ < 0.001) and Tw right was correlated with A20 left in group
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А (г = 0.35; ρ < 0.04). It must, however, be stressed that the relation
between Tw and LEVL is also determined by other factors (5.11.2.).
Contrary to what would be expected, positive correlations existed between
Tw and the parameters reflecting the variation in saccadic amplitude. Tw
left was positively correlated with SCAT left in group Ρ (г = 0.74; ρ <
0.0001) and А (г = 0.65; ρ < 0.0001); Tw right was positively correlated
with SCAT left in group Ρ (г = 0.59; ρ < 0.005) and А (г = 0.49; ρ < 0.002)
and Tw right was positively correlated with SDA20 left in group A (r =
0.38; ρ < 0.02). These positive correlations existed only in groups which
included patients and, therefore, they might reflect compensatory mecha
nisms whereby Tw is deliberately increased by the saccadic system in order
to compensate for a decrease in saccadic accuracy.
It is difficult to understand why saccade parameters on the left
correlated with non-homologue saccade parameters on the right,
instance, why Tw right is correlated with SCAT, SDA20 and A20 on
left, while Tw right is not correlated with the same parameters on
right. This finding might be due to pure coincidence but also to
interdependency between the system for leftward and rightward saccades.
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The presumed relation between Tw and the process of the determination of
amplitudes is further supported by the association between Tw abnormali
ties and abnormalities of amplitude-parameters: 8 out of the 11 patients
with abnormal amplitude-parameters, had an abnormal Tw while 8 out of
the 10 patients with an abnormal Tw had abnormal amplitude parameters.
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CHAPTER SIX ; DISCUSSION

6.1. METHODOLOGICAL ASPECTS
The obtained data on saccade parameters depend on several methodological
factors which will be discussed briefly:
EOG. The recording of eye movements by means of the EOG-technique has
several disadvantages, including baseline shifts, muscle artifacts and a
relatively poor resolution of about 1 deg (Carpenter 1977, Leigh and Zee
1983). Frequent corrections of baseline shifts were undesirable because of
the limited time available for one experiment. For this reason a high-pass
filter has been used. This was allowed because slow eye movements were
not measured and the frequency contents of saccades were hardly affected
which had no practical implication for the present study. The same holds
for the low-pass filter settings used (Zuber et al. 1968). Muscle artifacts
were avoided as much as possible by frequently reassuring the subjects.
Trials with muscle artifacts were excluded. The poor resolution of the
EOG-technique was not considered to be a major disadvantage in the
present study, as the biological variability of the signal i.e. the variation
of saccadic amplitudes was rather large: even with more sophisticated
methods of eye movement recording the scatter of datapoints in, for
instance the ATF, would undoubtedly remain quite large.
Limited data set. The number of trials was limited because, due to
attentional factors, the experiment could not last much longer than one
hour. It was not possible to pool eye movement data of two experiments
owing to the busy clinical program of most patients. The necessity to
obtain separate left and right ATCs further limited the number of trials in
each АТС. Especially for the single-step trials, the number of trials was
not the same for each subject. This was mainly due to the fact that the
single-step trials were given at the end of the experiment and, because of
tiredness of the subject, a number of responses sometimes had to be
rejected. The number of patients and normal subjects was limited as well.
This was due to the rather time consuming measurement of responses by
hand. Moreover, the number of patients was rather small because many
patients with cerebral hemisphere lesions did not meet the selection
criteria described in 4.1.1.. The limited and unequal numbers of trials as
well as the limited number of subjects resulted in a decreased reliability of
the statistical procedures used.
Criterion for normality. The limits of normality, which were based upon
the mean plusminus 2 times the standard deviation, were rather liberal.
These limits were chosen because conclusions had to be based upon the
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investigation of a small number of patients. Therefore it was considered
important to detect tendencies for abnormality as well. These limits were
acceptable for each parameter separately as, in the group of normal
subjects, each parameter was abnormal in one subject at most. However,
the use of combinations of parameters resulted in 4 normal subjects having
some abnormal amplitude parameter and in 3 normal subjects having some
abnormal ATF parameter. Thus, the statements about abnormal amplitude
parameters and abnormal ATF parameters must be interpreted very
carefully. On the other hand, the most important ATF parameters - Dm
and Tw - as well as the most important amplitude parameters - AIO and
A20 - were abnormal in "only" 2 normal subjects.
Anatomical lesion and functional deficit. It should not be taken for
granted that functionally deficient areas are represented by lesions on C i scan. First, the localization of cortical lesions by means of the EEG
differed in some instances from that by means of CT-scan (5.7.8.). Second,
in the patients with thalamic lesions on CT-scan, the EEG showed cortical
disturbances (5.7.8.). Therefore, the saccadic deficits observed with
thalamic lesions might be due to cortical functional disturbances. Third, in
patients with lesions in one cerebral hemisphere, PET-scan studies revealed
metabolic disturbances in the thalamic region (Kuhl et al. 1980), in the
non-affected hemisphere (Lenzi et al. 1981) and in the cerebellum (Martin
and Raichle 1983). This implies that saccadic deficits associated with a
cortical lesion might be due to a functional deficit in the other hemisphere, the thalamus or the cerebellum, all of which are involved in the
execution of saccades. Furthermore, it is uncertain whether a lesion in a
particular region affects a relevant visuomotor area or not, as, for
instance, the position of the frontal eye fields varies between different
subjects (Melamed and Larsen 1979). For these reasons the correlations
between CT-scan lesions and saccadic deficits must be interpreted with
care.

6.2. THE CLINICAL USEFULNESS OF THE DOUBLE- AND SINGLE-STEP
PARADIGMS

6.2.1. Introduction
The present investigation was not designed for a thorough assessment of
the clinical usefulness of the investigation with double- and single-step
stimuli, as it was not possible to investigate sufficiently large numbers of
patients (6.1.). Nevertheless, to the knowledge of the author, the present
investigation comprises the largest number of subjects ever investigated
with double-step stimuli. Moreover, the ATF has not been tested previously
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in patients and few large-scale investigations have been devoted to visually
guided saccades in patients with cerebral hemisphere lesions. For these
reasons it is of importance to make some statements about the clinical
usefulness of the present investigation.
In clinical practice the limits of normality are usually set to more
conservative standards than those used in the present investigation.
Therefore, in this section, parameters will be regarded as abnormal if they
fall outside the mean plusminus 2.575 times the standard deviation (1%
level of confidence limits) (table 5.3.).

6.2.2. The sensitivity of the different saccade-parameters in the detection
of lesions
The results indicate that the investigation by means of the type of
experiment described (3.1.3.) is a sensitive indicator of cortical and
thalamic pathology: out of the 22 patients investigated, 15 showed a
saccadic deficit (table 5.3.). This relatively large sensitivity is probably due
to the fact that the saccadic system is dependent upon a complex network,
extending over many parts of the brain. It is therefore liable to malfunction by lesions in many different parts of the brain.
Of all tests, the set of 4 ATF parameters was the most sensitive indicator
for pathology as it was abnormal in 13 patients, while the reaction time
parameters were abnormal in 7 patients, the amplitude parameters in 8
patients and the amplitude-duration relation in only 3 patients. The ATFinvestigation alone was as sensitive as the investigation of the other
parameters together: both revealed abnormalities in 13 patients. These two
groups of 13 patients did not completely overlap: in 2 patients the
abnormality consisted of an abnormal ATF only. Thus, when added to the
investigation of the other saccade parameters, the ATF has a limited value.
On the other hand, when a patient has to be screened for the existence of
an abnormality of the saccadic system, the ATF is the best indicator.
Table 5.3. shows that a combination of the investigation of the ATF and
the reaction time parameters will detect the lesion in all 15 patients with
a saccadic deficit.

6.2.3. The prediction of the side and the site of the lesion
The present investigation does not indicate that, with the investigation of
saccade parameters alone, the side and the site of a lesion can be
predicted. However, in many clinical cases, the putative side of a lesion
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can be established. If this is the case, then the investigation of saccade
parameters may provide a clue for the detection of the site of the lesion:
- the presence of an ipsilaterally increased or contralaterally decreased Tw
might point to the existence of thalamic pathology while a contralaterally
increased Tw might point to pathology of the cerebral cortex.
- an increased saccadic gain ipsilateral and/or a decreased saccadic gain
contralateral to the lesion might indicate a lesion affecting the frontal eye
field. This might be of particular importance since lesions in the prefrontal
and premotor cortex are difficult to detect clinically. It must be stressed
that these suggestions will have to be scrutinized further by the investigation of a much larger number of patients.

6.3. THE SIGNIFICANCE OF THE BECKER AND JÜRGENS MODEL
6.3.1. Dm and Tw
Becker and Jürgens (1979) propose that, in the ATF obtained from PU
stimuli. Dm equals the sum of afferent and efferent delays (Dm = Ta + Te;
see 2.4.3.). It is therefore to be expected that Dm is relatively fixed
within one subject. However, there are indications that Dm can vary
considerably within one subject. The presentation of double-step stimuli
with a large stimulus separation results in an ATF, characterized by 2
horizontal segments only, without an oblique segment in between (Ottes et
al. 1984). In this type of ATF, the transition between the 2 horizontal
segments occurs abruptly at about D = 140 ms and not gradually, as
predicted by the Becker and Jürgens model. In these ATFs Dm is therefore
140 ms while Tw equals zero. When the same subject is tested with
double-step stimuli with a small target separation, an ATF as described by
Becker and Jürgens is obtained: Dm is about 80 ms while Tw also is about
80 ms. In other words, increasing the target separation results in an
increase of Dm by about 60 ms2. This indicates that Dm is not fixed

The results of Otte« et al. (1984) were obtained by means of double-step stimuli of the
staircase type and not with PU-stimuli. Becker and Jürgens explicitly state that, only in the
ATFs obtained by means of PU-stimuli, Dm equals Ta + Te. With staircase stimuli, they obtained
a much larger value for Dm of about 200 ms. However, Ottes et al. (1984) who used staircase
stimuli with the same target separation as Becker and Jürgens, as well as Findlay and Harris
(1984) who used staircase stimuli with a smaller target separation, obtained values for Dm of
about 80 ms. These values are essentially equal to the values obtained by Becker and Jürgens
with PU-stimuli. Thus, the results of PU-stimuli and staircase stimuli may probably be
compared with each other.
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within one subject. It seems therefore improbable that Dm represents the
sum of Ta and Te, as it is unlikely that the afferent and efferent transmission times of the saccadic system can vary that much.
Although Dm is probably not equal to Ta + Te, Dm nevertheless reflects
the smallest value of D at which the second target step of a double-step
stimulus exerts its influence on the amplitude of the first saccade. This
moment has to be dependent on Ta at least. This is supported by the
increase of Dm in patient Rl with bilateral white matter lesions: these
lesions might interrupt afferent fibers which transmit visual information to
visuomotor centres, resulting in an increased Ta, which in turn yields an
increased Dm. Thus, it is likely that Dm equals the sum of Ta and another,
unknown, delay-factor. Such a factor might be the time needed for the
decision to generate a saccade, but there is no evidence for this.
Becker and Jürgens (1979) proposed that Tw reflects the period during
which the position of a target is averaged by the saccadic system. The
present investigation provides several arguments in favor of this hypothesis. First, a positive correlation was found between the length of Tw and
the saccadic gain (5.11.4.): the larger the value for Tw, the more the
saccadic gain approaches unity. This finding suggests that saccades are
directed more accurately to a target when Tw is larger. This is in
agreement with the view of Becker and Jürgens who suggest that the
saccadic system uses averaging as a means to generate accurate saccades:
with averaging the saccadic amplitude is less dependent on short-lived and
random variations of the retinal error signal. The positive correlation
between Tw and the saccadic gain indicates that the longer a target is
averaged, the more accurate the saccade will be. However, the positive
correlation between RT and Tw (5.11.3.) suggests that the increase of Tw
by the saccadic system occurs at the expense of an increased saccadic
reaction time. Second, in the groups including patients there were positive
correlations between the length of Tw and the parameters expressing the
variation of saccadic amplitudes (5.11.4.): the larger Tw, the larger the
variation of amplitudes. This contradicts the concept of Becker and
Jürgens, as an increased Tw should result in an increased accuracy of
saccades and, therefore, in a decreased variation in saccadic amplitudes. It
might be explained by assuming a compensatory mechanism whereby the
saccadic system deliberately increases Tw in order to increase saccadic
accuracy which was decreased due to the patient's lesion. Third, an
association existed between abnormalities of Tw and abnormalities of
amplitude parameters in the group of patients (5.11.4.). These 3 points do
not only suggest that Tw is related to the determination of saccadic
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amplitudes but they also lend support
Becker and Jürgens.

to the

averaging

hypothesis of

There are, however, also points which are not accounted for by the model
of Becker and Jürgens. Actually, these points do not contradict their
concept but they may require an addition to it. First, the fact that some
ATCs are fitted substantially better by means of the curved-line model and
the existence of АТС-undershoot which is related to this, suggests that
the mechanism of amplitude computation is more complicated than that
suggested by Becker and Jürgens. Second, Tw equals zero in the ATFs
obtained by means of double-step stimuli with a large target separation. In
terms of the Becker and Jürgens model, this implies that no averaging
occurs prior to the execution of large visually guided saccades; as a result
large saccades should be more inaccurately than small saccades. There are
indeed some indications for this: the larger the required visually guided
saccade, the greater the probability of a corrective saccade and the larger
the size of the corrective saccade (Carpenter 1977). In other words, the
saccadic gain decreases with large saccades. Perhaps the saccadic system is
organized in such a way that small saccades are prevented from being
grossly inaccurate by the averaging mechanism. This might be related to
the fact that most naturally occurring saccades have an amplitude of 15
deg or less (Bahill et al. 1975b); apparently the more frequently occurring
saccades are performed more accurately. Third, from the present investigation there are indications that Dm and Tw are interdependent: a relatively
large Tw coincides with a relatively small Dm and vice versa; however this
might also be due to methodological factors (5.11.2.). Fourth, the ATF is
strongly influenced by target luminance (5.8.). Although the significance of
this phenomenon is far from clear, it suggests that the ATF is not only
related to target position but also to target luminance.
It is hypothesized that the interdependency of Dm and Tw and the fact
that Tw can be zero reflect the same mechanism whereby the saccadic
system controls the length of Tw. For small saccades, which are frequently
executed, Tw is set to a certain value depending on the individual subject.
The control experiment in subject N9 indicates that this value can remain
quite constant within one subject. For large saccades Tw is set to zero,
because averaging apparently is not necessary. The way in which Tw is set
by the saccadic system may be influenced by lesions affecting the regions
involved in the determination of Tw. The findings in the patient group
suggest that the cerebral cortex and the thalamus are involved in the
determination of Tw, as lesions in these regions cause alterations in Tw.
Cortical lesions typically result in an increase of Tw contralateral to the
lesion, while thalamic lesions typically result in an increase of Tw
ipsilateral to the lesion or a decrease of Tw contralateral to the lesion.
This indicates that the cerebral cortex and the thalamus each may exert a
different influence on Tw.
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6.3.2. The saccadic reaction time
As has been stated in chapter one, the saccadic reaction time is probably
composed of processes which each take a certain amount of time. These
processes include the direction of attention, the selection of a target, the
decision to make a saccade, the determination of the saccadic amplitude
and the times needed for the transmission of visual and motor signals to
and from the structures involved in these processes. In the model of
Becker and Jürgens the saccadic reaction time is composed of several delay
factors which partially reflect the above mentioned processes: the reaction
time = Ta + Td + Tw + Te (2.4.3.). Td would then be equal to the time,
needed for the decision to make a saccade (possibly plus the time needed
for the first two of the above mentioned processes), while the evidence
from 6.3.1. suggests that Tw represents the time needed for the computation of the saccadic amplitude. Ta and Te then represent the above
mentioned transmission times. As Becker and Jürgens suggested that Dm =
Ta + Te, it was expected that the assessment of Dm, Tw and RT would
yield the value for Td. However, as it turned out that Dm probably does
not equal Ta + Te (6.3.1.), only RT and Tw could be determined and the
other delay factors of the Becker and Jürgens model could not be derived.
Therefore, only the part of the saccadic reaction time needed for the
computation of the amplitude could be determined in the present investigation. The concept that the determination of the saccadic amplitude by
means of averaging contributes to the saccadic reaction time is supported
by the positive correlation between RT and Tw : a large Tw coincides with
a large RT.
The above mentioned formula of Becker and Jürgens (1979) implies that the
saccadic reaction time is composed out of four different delay factors
representing processes which are performed sequentially. An alternative
possibility might be that these processes occur simultaneously instead of
sequentially. The present investigation offers some evidence for simultaneous processing as in a number of instances the sum of Dm and Tw was
equal or even larger than RT. In these cases it might be possible that the
amplitude of a saccade in preparation is computed while the decision
process is running at the same time.

6.3.3. Separate systems for leftward and rightward saccades?
Becker and Jürgens (1979) supposed that separate channels exist for the
preparation of horizontal leftward and rightward saccades. Although this
view is confirmed by the strong asymmetries in saccadic performance
which were observed in a number of patients, there are some objections
against it. First, according to the Becker and Jürgens model, unilateral
lesions should result in unilateral saccadic abnormalities. However, in the
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present investigation about half of the patients with unilateral lesions had
bilateral abnormalities of saccade parameters which involved the same
parameter on both sides in most cases (5.10.)· In the patients with bilateral
abnormalities due to unilateral cortical lesions, the frontal eye field was
involved in almost all cases. All patients with thalamic lesions had bilateral
abnormalities. There were no indications that the bilateral abnormalities
were due to large lesions affecting the normal hemisphere (5.7.3.). Second,
the presence of unequal target luminance on one side caused strong
bilateral ATF-abnormalities (5.8.). Third, correlations were found between
parameters for leftward saccades and non-homologue parameters for
rightward saccades (5.11.).
Thus, the results from this investigation indicate that the saccadic system
is not strictly divided into separate subsystems for the left and the right,
indicating a complex organization of the saccadic system at the cortical
and thalamic level. This is supported by the various anatomical connections
between visuomotor centres on both sides: the frontal eye fields are
connected with each other (Schwartz and Goldman-Rakic 1984) and both
inferior parietal lobules are connected with each other (Brodai 1981).
Moreover, each frontal eye field projects to the contralateral as well as to
the ipsilateral superior colliculus and internal medullary lamina (Leichnetz
1981). The pul vinar is connected via the cerebral cortex to both abducens
nuclei (Wilson and Goldberg 1980). Although the results of most singleunit, stimulation and ablation studies suggest that saccades to one side are
predominantly controlled by the contralateral cerebral cortex, thalamus and
superior colliculus (2.2.), there are some indications that the frontal eye
field, inferior parietal lobule and thalamus are involved in the control of
ipsilateral saccades as well. Stimulation of one frontal eye field sometimes
evokes ipsilateral saccades (Bruce et al. 1985), the visual fields of some
frontal eye field neurons cover the ipsilateral field (Goldberg and Bushnell
1981) and Guitton et al. (1985) found that unilateral ablation of the frontal
eye field quite often caused bilateral effects on saccadic performance. In
the inferior parietal lobule some neurons have bilateral or ipsilateral visual
receptive fields and ablation of the inferior parietal lobule may result in
bilateral saccadic abnormalities (Lynch 1980). Some pulvinar and internal
medullary lamina units discharge prior to saccades in all directions
(Petersen et al. 1985). The anatomical evidence and some of the physiological evidence mentioned above support the findings in the present
investigation which indicate that bilateral effects were predominantly
caused by unilateral lesions in the frontal eye field and thalamus.
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6.4. THE ROLE OF THE SUPERIOR COLLICULUS, CEREBRAL CORTEX
AND THALAMUS IN THE GENERATION OF SACCADES

6.4.1. Superior colliculus
The absence of any detectable saccadic deficit in the patient with bilateral
superior colliculus lesions constitutes a finding which is quite remarkable,
as bilateral superior colliculus lesions in monkeys produce a decreased gain
and a decreased frequency of visually guided saccades (Schiller et al.
1980). Unilateral ablation of the superior colliculus only produces temporary deficits in monkeys (Albano and Wurtz 1982). Unilateral superior
colliculus lesions in man have been reported to cause a permanent increase
in saccadic reaction times (Zihl and Von Cramon 1978). To the knowledge
of the author, no report exists on saccadic performance after bilateral
lesions in man or on the ATF in patients with superior colliculus lesions.
Based upon single-unit and stimulation experiments (2.2.1.), which indicate
that the superior colliculus is very much involved in the generation of
saccades, Becker and Jürgens (1979) implicitly assumed that the processing
of saccades, as detected by the ATF, is performed by the superior
colliculus. The negative findings in the present investigation and the
transient effects after unilateral superior colliculus ablation can be
explained by assuming that the frontal eye field and the superior colliculus
are both involved in the initiation of saccades (Bruce and Goldberg 1985)
and that, after a lesion in one, the other takes over. This view is
supported by the fact that the most severe saccadic deficits are observed
after acute functional inactivation of the superior colliculus (Hikosaka and
Wurtz 1986).

6.4.2. Cerebral cortex
Reaction time. There was no significant association between abnormal
reaction time parameters and lesions in particular areas. If in the patients
with cortical lesions the saccadic reaction times were increased, they were
so contralateral to the lesion in most cases. Most lesions, associated with
increased contralateral reaction times, affected the frontal eye field or
inferior parietal lobule. An increase of the saccadic reaction times
contralateral to the lesion has been reported in patients with parietal
lesions (Sundqvist 1979) but the exact cortical localization of the lesions
was not established, so the deficit might have been due to damage of
other regions. In patients with homonymous hemianopia, caused by occipital
damage, the saccadic reaction times were increased bilaterally (Meienberg
et al. 1981). In the present investigation, 2 patients with evidence for an
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incomplete homonymous hemianopic visual field defect, had increased
saccadic reaction times contralateral to the lesion only. This suggests that,
in these patients, the increased reaction times might be related not to
hemianopia, but to simultaneously existing damage of the frontal eye field
or inferior parietal lobule. In 2 patients there was evidence of increased
reaction times contralateral to the lesion and decreased reaction times
ipsilateral to the lesion. The area commonly involved
in these patients
was probably the inferior parietal lobule. To the author's knowledge this
has not been reported previously. This finding might be explained by
assuming that both inferior parietal lobules inhibit each other mutually: a
lesion in one inferior parietal lobule then causes contralaterally increased
reaction times, while the other inferior parietal lobule is disinhibited,
resulting in a decrease of the ipsilateral saccadic reaction times. The
above mentioned indicates that possibly the frontal eye field and the
inferior parietal lobule are involved in processes which contribute to the
saccadic reaction time. An increased saccadic reaction time may then be
caused by a decreased processing capacity due to a lesion in a region
which performs such a process, or it may be due to compensatory mechanisms such as an increase of Tw (6.3.1.).
Amplitude. There was no significant association between abnormal amplitude parameters and lesions of particular regions, although there was a
tendency for an association between abnormal amplitude parameters and
involvement of the prestriate cortex. The lesions associated with an
increased gain ipsilaterally or a decreased gain contralaterally nearly all
involved the frontal eye field. The latter finding is supported by the
evidence from stimulation and single-unit experiments which indicates that
the frontal eye field is involved in the determination of saccadic amplitudes (2.2.3.). Ablation of the frontal eye fieldsresults in a temporary
decrease of saccadic gain in monkeys (Schiller 1980) but in man the
effects on the saccadic gain have not been studied. The present investigation gives a slight indication that frontal eye field lesions cause a
permanent gain deficit.
ATF. Lesions involving the frontal eye field, the inferior parietal lobule
and the prestriate cortex tended to be associated with ATF deficits
although these associations were statistically not significant. The lesions
associated with ATFs in which only Dm and/or Tw were abnormal, were all
located in or near the frontal eye field. These findings suggest that the
frontal eye field, inferior parietal lobule and the prestriate cortex are
involved in the determination of the ATF and that more specifically the
frontal eye field is involved in the determination of Dm and Tw. As it is
likely that Tw reflects the processing of saccadic amplitudes (6.3.1.), this
finding further supports the concept of the frontal eye field being involved
in the calculation of saccadic amplitudes. Earlier studies have indicated
that especially lesions in the parietal lobes were associated with ATF deficits (Franssen et al. 1984, 1985a, 1985b). However, in these studies
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mapping of cortical lesions was not performed and the methods for the
determination of the ATF parameters were different from those used in
the present investigation.
The results of the present study suggest that lesions affecting the frontal
eye field, unlike lesions affecting the superior colliculus, are associated
with saccadic amplitude deficits as well as with abnormalities of Dm
and/or Tw, i.e. the mechanism whereby saccadic amplitudes are determined.
Because of the limited number of patients, the evidence is far from
complete, but it suggests that the frontal eye field and not the superior
colliculus predominantly performs the computation of saccadic amplitudes in
humans. This is at variance with current theories on the function of the
frontal eye field and the superior colliculus which imply that the superior
colliculus provides a mechanism for the execution of reflex-like, visually
triggered saccades while the frontal eye field exerts control over these
reflex-like saccades (Bruce and Goldberg 1985, Guitton 1985, Holmes 1938).
The present investigation was concerned with simple reflex-like saccades;
however, deficits in these saccades were not associated with superior
colliculus lesions but with frontal eye field lesions! Thus, the evidence of
the present study combined with that of the other studies indicates that in
humans the frontal eye field may perform both functions.

6.4.3. Thalamus
Reaction time. The patients with thalamic lesions all had normal reaction
time parameters. The commonly affected area in these patients comprised
the lateral pulvinar and lateral posterior nucleus. In one patient the lesion
extended rostrally to involve the internal medullary lamina. Firm evidence
indicating that pulvinar or internal medullary lamina lesions cause increased saccadic reaction times has not been reported, which is in agreement
with the results of the present study. Ogren et al. (1984) and Zihl and
Von Cramon (1979) reported increased reaction times due to a pulvinar
lesion but the patients described also had parietal damage. Albano and
Wurtz (1982) reported increased saccadic reaction times in monkeys with
extensive lesions including the pulvinar and internal medullary lamina but
also the superior colliculus. It is not clear why the saccadic reaction times
are normal after lesions affecting the pulvinar or the internal medullary
lamina, for both regions are involved in saccadic behavior.
Amplitude. Only one patient had a considerable decrease of the saccadic
gain contralateral to the lesion. This might be related to damage of the
internal medullary lamina as this region was affected in this patient only.
A similar deficit has been described in monkeys with extensive lesions
involving the internal medullary lamina, pulvinar and superior colliculus
(Albano and Wurtz 1982). These authors explained the decreased saccadic
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gain by assuming a lesion in a system which converts the position of a
target from retinal coordinates into spatial coordinates.
ATF. The patients with thalamic lesions all had abnormal ATFs. The area
which was involved in all, comprised the lateral pulvinar and lateral
posterior nucleus. The pulvinar is connected with the frontal eye field,
inferior parietal lobule and prestriate cortex, lesions of which are also
associated with ATF deficits. It is therefore proposed that a neural
network, consisting of these structures, is involved in the determination of
the ATF.
Abnormalities of Dm and/or Tw only, were associated with a lesion
affecting the centromedian nucleus, the lateral posterior nucleus, the
medial and the lateral pulvinar. Tw was decreased contralateral to this
lesion. This abnormality was clearly distinct from that encountered in the
ATFs with abnormal Dm and/or Tw only and which were associated with
frontal eye field lesions (6.4.2.). In the latter group Tw was increased
either contralateral to the lesion or bilaterally. The medial pulvinar is
connected with the frontal eye field which is known to be involved in the
determination of saccadic amplitudes. The type of unit activity in the
inferior and the lateral pulvinar is possibly related to the processing of
visual effects of eye movements or to selective visual attention but the
unit activity in the medial pulvinar might well be related to processing
prior to visually guided saccades (2.2.8.). Based upon these arguments, the
hypothesis of 6.3.1. might be elaborated further: the frontal eye field and
the medial pulvinar are involved in the setting of Tw as described in 6.3.1.
in the sense that each exerts a different, opposite, influence on the length
of Tw.
The similarity between the ATF-deficits in patients with thalamic
and in the subjects, investigated with unequal target luminance
that the ATF-deficits associated with pulvinar lesions might be
some visual defect. As perimetry was completely normal in these
the visual deficit might be located at the level of the second visual
(2.2.8.), which includes the pulvinar.

lesions
suggest
due to
patients
system

6.5. RECOMMENDATIONS FOR FURTHER INVESTIGATIONS
The number of firm conclusions reached in the present investigation was
significantly smaller than the number of assumptions and suggestions,
which indicates that many more investigations are needed to reach the
aims, outlined in chapter one.
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The use of the experimental paradigm, described in this thesis seems
promising for the detection of cortical and thalamic lesions. Although the
power to localize lesions remains to be established, there are indications
that the experimental paradigm is useful for the detection of lesions
affecting the frontal eye field. This might be of importance, since lesions
of the promotor cortex are difficult to assess clinically. The same holds
for the detection of specific pulvinar lesions. To achieve this, clinical
studies are needed in which the experimental paradigm is performed in a
large number of patients with small, circumscribed cortical or subcortical
lesions. It might be useful to relate saccadic deficits not only with C i 
scan and other morphological methods but also with EEG and -especiallywith cerebral blood flow studies.
It is tempting to use the experiment for the detection of clinically silent
lesions in patients with multiple sclerosis. This must be done with the
utmost care as these patients are liable to have "primary" saccadic deficits
due to cerebellar and brainstem disease. The effects of these lesions on
the ATF will have to be investigated first.
Before any clinically oriented investigation can be conducted, however, a
method has to be developed by means of which the raw data can be
measured rapidly and the ATF and other parameters can be obtained more
easily.
Fundamental investigations are needed to establish further the significance
of the ATF and especially the significance of Dm. The usefulness of the
description of the АТС by means of the curved-line model has to be
elaborated further. It has to be established whether the description by this
model adds to the localizing value of ATF abnormalities.

6.6. CONCLUSION
This thesis might give the impression that, finally, the very nature of the
brain can be explained by mathematical concepts. I think this cannot be
achieved and would like to close with the following remark by Oswald
Spengler (Der Untergang des Abendlandes 1923): "Am Ziele angelangt,
enthüllt sich endlich das ungeheure, immer unsinnlicher, immer durchscheinender gewordene Gewebe, das die gesamte Naturwissenschaft
umspinnt: es ist nichts andres als die innere Struktur des wortgebundenen
Verstehens, das den Augenschein zu überwinden, von ihm "die Wahrheit"
abzulösen glaubte. Darunter aber erscheint wieder dat Früheste und
Tiefste, der Mythos, das unmittelbare Werden, das Leben selbst".
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CHAPTER SEVEN : SUMMARY

7.1. SUMMARY
A visually guided saccade is a fast eye movement in response to a visual
stimulus. In chapter one, two problems concerning visually guided saccades
are outlined. The first problem consists of the large time interval of about
250 ms between the appearance of a target and the onset of the saccade
to that target. This interval is called the saccadic reaction time. It is not
completely understood what goes on in the brain during the saccadic
reaction time, although there are indications that, during the interval, the
cerebral cortex, superior colliculus and thalamus are involved in processes
like the direction of attention, the decision to make a saccade and the
determination of the saccadic amplitude. The second problem is the
response of the saccadic system to so-called double-step stimuli, which is
discussed in chapter one and further elaborated in chapter two. With a
double-step stimulus a target steps twice to a new position. In response to
the first target step, a saccade is prepared to the position of the target
after the first step. If the second step occurs before the saccade is
executed, several situations may occur. If it occurs more than 200 ms
before the onset of the saccade in response to the first step, there is
apparently enough time available to modify the preparation of the saccade
in such a way that it will be directed to the position of the target after
the second step. On the other hand, if the second step occurs less than 80
ms (Dm) before the onset of the saccade in response to the first step, the
preparation is too far advanced to modify the saccade and the saccade is
directed to the position of the target after the first step. If the second
step occurs between 80 ms and 200 ms before the onset of the saccade in
response to the first step, the saccade will be directed between the
position of the target after the first step and the position of the target
after the second step. Apparently the saccade can be modified by the
second step but not enough to be directed completely to the position of
the target after the second step. The period of 120 ms between 80 ms and
200 ms is called Tw. This period as well as Dm can be determined by
collecting saccadic responses to a large number of double-step stimuli.
Becker and Jürgens (1979) proposed that Dm reflects the sum of afferent
and efferent delays to a structure which computes the saccadic amplitudes,
while Tw reflects the computation itself of saccadic amplitudes: the
saccadic system does not rely upon a single measurement of a target's
position but averages this position during a period of 120 ms, which equals
Tw, in order to obtain a more reliable measurement. When the second
target step just occurs during these 120 ms, both target positions are
measured and a saccade ensues of which the amplitude is based upon a
weighted average of the target positions. Therefore, by assessing Dm and
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Tw, it might be possible to get an impression of afferent and efferent
delays as well as the computation of saccadic amplitudes i.e. of some of
the time consuming processes of which the saccadic reaction time is
composed.
The aims of this thesis are:
(1) to give more insight into the role of the cerebral cortex, thalamus and
superior colliculus in the generation of visually guided saccades; (2) to
give more insight into the behavior of the saccadic system in response to
double-step stimuli and (3) to assess the clinical importance of the
investigation with double-step stimuli. For these purposes, visually guided
saccades were investigated in patients with lesions in the above mentioned
regions.
In chapter two, the literature on the function of the cerebral cortex,
thalamus and superior colliculus in the preparation of visually guided
saccades is reviewed. It appears that the frontal eye field and superior
colliculus are very likely to be involved in the computation of saccadic
amplitudes, that the parietal cortex is involved in the direction of
attention which accompanies a saccade, while the function of the thalamus
is still unclear with respect to the generation of saccades.
In chapter three, the methods of investigation are outlined. Each subject
was tested with double-step and single-step stimuli (in the latter a target
only steps once). The saccadic responses were recorded by means of
electro-oculography. They were analyzed by computer in order to obtain
the values for Tw and Dm. From the responses to single-step stimuli the
saccadic reaction time and the saccadic amplitude were determined. All
analysis was performed separately for leftward and rightward saccades.
In chapter four the clinical investigation of patients and normal subjects is
described. The patients were divided into five groups, of which the most
important were: (1) 16 patients with unilateral cortical lesions, (2) 3
patients with unilateral thalamic lesions (3) a patient with a lesion in both
superior colliculi. All lesions were assessed by means of CT-scan. In group
(1) the cortical extent of each lesion was outlined on a map of the lateral
surface of the brain. In all groups the involvement of the frontal eye
field, supplementary motor area, inferior parietal lobule, prestriate cortex
as well as of subcortical regions including the thalamus was established by
means of comparison with known maps of these areas.
In chapter five the results of the experiments with double-step and singlestep stimuli were compared with the localization of lesions. The majority
of patients with cortical lesions showed abnormalities of the saccadic
reaction times, saccadic amplitudes. Dm or Tw. There was no statistically
significant association between lesions affecting a particular region and
particular saccadic deficits, although there were indications for involveIll

ment of the frontal eye field and the inferior parietal lobule in patients
with increased saccadic reaction times and for involvement of the frontal
eye field in patients with an abnormally increased or decreased saccadic
amplitude and abnormal Dm and/or Tw. The thalamic lesions were all
associated with an abnormal Tw. Only one of the patients with thalamic
lesions had severely abnormal saccadic amplitudes, while none of these
patients had increased saccadic reaction times. The patient with bilateral
superior colliculus lesions had no abnormalities at all. This was very
remarkable as the superior colliculus is regarded as being important in the
generation of visually guided saccades. The deficits were of unilaterally or
bilaterally directed saccades in patients with unilateral cortical lesions and
of bilaterally directed saccades in all patients with unilateral thalamic
lesions. It was also investigated whether correlations existed between
different saccade parameters in groups of patients and normal subjects.
There was a significant positive correlation between the values of the
saccadic reaction time and the values of Tw. This indicates that Tw
reflects a process which consumes a part of the saccadic reaction time.
There were also significant correlations between the values of parameters
expressing the saccadic amplitude and the values of Tw, which indicates
that Tw reflects the processing of saccadic amplitudes. This supports the
above described concept of Becker and Jürgens (1979) about the calculation
of saccadic amplitudes.
In chapter six some methodological pitfalls of the present investigation are
discussed. The clinical usefulness of the investigation with double-step
stimuli is compared to the investigation with more conventional methods.
The method with double-step stimuli seems promising. The significance of
the Becker and Jürgens model is discussed. The present investigation
suggests that the model is partially right. Tw is probably related to the
determination of saccadic amplitudes. However, there are indications that
other parts of the model, such as the significance of Dm and the existence
of two separate subsystems for the preparation of visually guided saccades,
are too simplistic. The results of the present investigation, which suggest
that the frontal eye field and not the superior colliculus is the most
important in the determination of saccadic amplitudes, are related with the
findings in the pertinent literature. Finally, some recommendations for
future research are given.

7.2. SAMENVATTING
Visueel
visuele
geheel
dat de

geleide
stimulus.
begrepen
tijd die

saccades zijn snelle oogbewegingen in antwoord op een
In het eerste hoofdstuk
wordt ingegaan op twee niet
eigenschappen van deze saccades. Eerst wordt besproken
verstrijkt tussen het aanbieden van een visuele stimulus en
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het begin van de saccade (de reactietijd) vrij lang is, namelijk ongeveer
250 ms. Blijkbaar vinden er tijdens deze periode in de hersenen processen
plaats die relatief veel tijd kosten. Hoewel over de aard van deze processen geen zekerheid bestaat, gaat het waarschijnlijk om het richten van de
aandacht op een bepaald deel van de omgeving, het nemen van een
beslissing om een saccade te maken en het berekenen van de amplitude van
de saccade. Er zijn aanwijzingen dat eeii deel van deze processen plaatsvindt in de cortex cerebri, de colliculus superior en de thalamus. Het
tweede probleem betreft de reactie van het saccadische systeem op
dubbelstaps stimuli. Dit wordt in hoofdstuk 1 besproken en verder uitgewerkt in hoofdstuk 2. Tijdens een dubbelstaps stimulus verspringt ("stapt")
een doel twee keer achter elkaar. Direct na de eerste stap begint de
voorbereiding voor een saccade naar de positie die het doel na de eerste
stap bereikt heeft. Als nu de tweede stap meer dan 200 ms voordat deze
saccade uitgevoerd wordt plaatsvindt, dan kan de voorbereiding van de
saccade zodanig gemodificeerd worden dat deze naar de positie van het
doel na de tweede stap wordt gericht. Als de tweede stap echter minder
dan 80 ms (Dm) voor het begin van de saccade plaatsvindt, is het te laat
om de voorbereiding van de saccade nog te beïnvloeden. De saccade zal
dan gericht zijn naar de positie van het doel na de eerste stap. Als de
tweede stap plaatsvindt tussen 80 ms en 200 ms voor het begin van de
saccade, dan zal de saccade de ogen richten naar een punt tussen de
positie van het doel na de eerste stap en de positie van het doel na de
tweede stap. Blijkbaar kan in deze situatie de saccade nog wel iets
veranderd worden door de tweede stap, maar is het te laat om de saccade
zodanig te veranderen dat deze geheel naar de positie van het doel na de
tweede stap gericht is. De bovenbeschreven periode van 120 ms tussen 80
ms en 200 ms wordt Tw genoemd. Samen met Dm kan deze periode worden
vastgesteld door het registreren van saccades in antwoord op een groot
aantal dubbelstaps stimuli. Becker en Jürgens (1979) suggereerden in een
systeem-analytische studie dat Dm de som is van afferente en efferente
looptijden naar een structuur die de amplitudes van saccades berekent,
terwijl Tw iets zegt over de berekening van de amplitude van een saccade
: het saccadische systeem berekent de amplitude van een visueel geleide
saccade niet op grond van één meting van de positie van het doel maar
middelt deze positie gedurende een periode van 120 ms, die gelijk is aan
Tw, teneinde een meer betrouwbare meting te verkrijgen. Als nu bij een
dubbelstaps stimulus de tweede stap juist tijdens de periode van het
middelen plaatsvindt, dan zal het saccadische systeem beide doelposities
meten en zal een saccade gemaakt worden waarvan de amplitude gebaseerd
is op een gewogen gemiddelde van de twee doelposities. Door het bepalen
van Dm en Tw zou het dan mogelijk zijn om een uitspraak te doen over
de afferente en efferente looptijden en de amplitudeberekening van visueel
geleide saccades, dat wil zeggen over processen die tijd kosten en waaruit
de reactietijd is opgebouwd.
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Het hier beschreven onderzoek is gericht op: (1) het verschaffen van meer
inzicht in de rol die de cortex cerebri, thalamus en colliculus superior
spelen bij de voorbereiding van visueel geleide saccades; (2) het verkrijgen
van meer inzicht in het gedrag van het saccadische systeem bij dubbelstaps
stimuli; (3) het vaststellen van de klinische betekenis van het onderzoek
met dubbelstaps stimuli. Om deze doelen te bereiken werden visueel geleide
saccades onderzocht bij patiënten met laesies in de bovenbeschreven
gebieden.
In hoofdstuk twee wordt de literatuur besproken betreffende de functies
van de cortex cerebri, de thalamus en de colliculus superior bij de
voorbereiding van visueel geleide saccades. Het blijkt dat het frontale
blikveld en de colliculus superior hoogstwaarschijnlijk betrokken zijn bij
het vaststellen van de amplitude van saccades, dat de parietale schors
betrokken is bij het richten van de aandacht die een saccade begeleidt,
terwijl de functie van de thalamus in dit opzicht nog grotendeels onbekend
is.
In hoofdstuk drie worden de methoden van onderzoek besproken. De te
onderzoeken persoon werd getest met dubbelstaps stimuli en enkelstaps
stimuli (waarbij een doel één keer verspringt). De saccades werden
geregistreerd door middel van electro-oculografie. Via een computerbewerking werden Dm en Tw bepaald. Van de saccades naar enkelstaps stimuli
werden de reactietijd en de amplitude gemeten. De saccades naar links en
rechts werden apart geanalyseerd.
In hoofdstuk vier wordt het klinische onderzoek van patiënten en normale
proefpersonen beschreven. De patiënten werden onderverdeeld in vijf
groepen waarvan de belangrijkste waren: (1) 16 patiënten met unilaterale
corticale laesies, (2) 3 patiënten met unilaterale laesies in de thalamus, (3)
een patiënt met laesies in beide colliculi superior. De plaats van de laesies
werd bepaald met de CT-scan. In groep (1) werd de corticale localisatie
van de laesie getekend op een zijaanzicht van de grote hersenen. Voor alle
groepen werd met behulp van illustraties uit de literatuur
vastgesteld of
het frontale blikveld, de supplementaire motorische schors, de lobulus
pariëtalis inferior, de visuele associatieschors, de basale ganglia of de
thalamus betrokken waren bij de laesie.
In hoofdstuk vijf worden de resultaten van de experimenten met dubbelstaps stimuli en enkelstaps stimuli vergeleken met de localisatie van de
laesies. Het grootste deel van de patiënten met corticale laesies had een
afwijkende reactietijd, amplitude, Dm of Tw. Er was geen statistisch
significante associatie tussen laesies in een bepaald gebied en afwijkingen
van bepaalde parameters van saccades. Er waren wel aanwijzingen dat
laesies van het frontale blikveld en de lobulus pariëtalis inferior geassocieerd waren met een verlengde reactietijd. Laesies van het frontale
blikveld waren geassocieerd met te grote of te kleine amplitudes van
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saccades en met afwijkende Dm en Tw. De patiënten met thalamuslaesies
hadden alle een abnormale Tw. Slechts één van de patiënten met een laesie
in de thalamus had afwijkende amplitudes van saccades. Geen van de
patiënten met thalamuslaesies had een verlengde reactietijd. De patiënt met
colliculus superior laesies toonde geen afwijkingen. Dit is merkwaardig
omdat de colliculus superior wordt geacht zo'n belangrijke rol te spelen bij
de voorbereiding van visueel geleide saccades. Een aantal patiënten met
unilaterale corticale laesies en alle patiënten met unilaterale thalamuslaesies toonde afwijkingen zowel van saccades naar links als naar rechts.
Andere patiënten met unilaterale corticale laesies toonden afwijkingen van
saccades naar één richting. Er werd nagegaan of er in groepen patiënten
en normale personen correlaties waren tussen de verschillende saccadeparameters. Er bleek een significant positieve correlatie te bestaan tussen
de lengte van de reactietijd en de lengte van Tw. Dit zou kunnen betekenen dat Tw is gerelateerd aan een proces dat een hoeveelheid tijd vergt
welke een deel van de reactietijd uitmaakt. Er werden ook significante
correlaties gevonden tussen parameters die de amplitude van saccades
weergeven en Tw. Dit zou kunnen betekenen dat Tw gerelateerd is aan het
vaststellen van amplitudes van saccades. Deze correlaties zijn in overeenstemming met de bovenbeschreven theorie van Becker en Jürgens (1979).
In hoofdstuk zes worden enkele methodologische problemen van dit
onderzoek besproken. De klinische betekenis van het onderzoek met
dubbelstaps stimuli wordt vergeleken met het onderzoek van saccades met
meer gangbare methodes. De methode met dubbelstaps stimuli lijkt een
gevoelige methode te zijn voor het detecteren van laesies. Voorts wordt de
betekenis van het concept van Becker en Jürgens besproken. Er wordt
gesteld dat het concept gedeeltelijk juist is. Tw zegt vermoedelijk inderdaad iets over de amplitudeberekening van visueel geleide saccades. Er zijn
echter aanwijzingen dat andere delen van het concept, zoals de betekenis
van Dm en het bestaan van twee vrijwel gescheiden subsystemen voor het
prepareren van saccades, te simplistisch zijn. De resultaten van het huidige
onderzoek suggereren dat het frontale blikveld en niet de colliculus
superior het grootste aandeel heeft bij het bepalen van de amplitude van
saccades. Dit wordt vergeleken met ideeën die hierover in de literatuur
bestaan. Tenslotte worden enkele aanbevelingen gedaan voor verder
onderzoek.
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APPENDIX 1

Appendix 1 contains the clinical data and experimental data in the normal
subjects (first half) and patients (second half). Only the abnormal clinical
data are given. Depicted below the clinical data are the maps of the
lesions on the lateral surface of the cerebral hemisphere for patients CI
to С16. The left ATC/ATF is depicted on the left half of the figure; the
right ATC/ATF is depicted on the right half of the figure. Abscissa: D;
each subdivision represents 100 ms. The vertical line represents D = 0 ms.
Ordinate: A; each subdivision represents 5 deg (see fig 3.2.). The experi
mental data are given below the ATFs. The abnormal values are underlined.
In the column "difference" the absolute values for dDm, dTw, etc are
given. In the column "MWU" the p-values of the MWU-tests for reaction
times (upper) and saccadic amplitudes (lower) are given. The column "N"
refers to the number of responses to PU-stimuli (upper) and single-step
stimuli (lower). To save space, the values of AIO and A20 are given side
by side. The same holds for the values of SDA10, SDA20, S10 and S20.
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NORMAL SUBJECT N1
Male, 55 years, right handed.
History: healthy.
Medication, none.

Λ
Dm
Tw
SCAT
LEVL
RT
SORT
A10/20
SDA10/20
S10/20

left
59 ms
110 ms
1.8 deg
17.7 deg
303 ms
67 ms
9.2/18.3 deg
0.9/1.4 deg
51/83 ms

right
73 ms
125 ms
2.3 deg
18.2 deg
286 ms
89 ms
9.1/16.6 deg
2.0/3.3 deg
57/77 ms

difference
14 ms
15 ms
0.5 deg
0.5 deg
17 ms
22 ms
0.1/1.7 deg
1.1/1.9 deg

—

second experiment: unequal
left
Dm
51 ms
Tw
151 ms
SCAT
2.2 deg
LEVL
18.4 deg
RT
SORT
A10/20
SDA 10/20 S10/20
-

MWU

66

Λ

target luminance; 77 days later.
rieht
difference
MWU
101 ms
50 ms
60 ms
Ü ms
2.5 deg
0.3 deg
16.6 deg
1.8 deg
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N
206

N
205

NORMAL SUBJECT N2
Male, 66 years, right handed.
History: myocardial infarction.
Medication: isosorbide dinitrate, acenocoumarol.

\

Dm
Tw
SCAT

LEVL
RT
SORT
A10/20

SD A10/20
S10/20

left
73 ms
75 ms
1.7 deg
16.2 deg
276 ms
47 ms
9.8/17.1 deg
1.0/1.5 deg
41/69 ms

rieht
36 ms
125 ms
2.6 deg
20.1 deg
245 ms
32 ms
10.0/20.4 deg
1.1/1.6 deg
46/67 ms

difference
37 ms
50 ms
0.9 deg
3.9 deg
31 ms
15 ms
0.2/3.3 deg
0.1/0.1 deg
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MWU

N
222

0.001

94

/0.00006

NORMAL SUBJECT N3
Female, 31 years, right handed.
History: healthy.
Medication: none.

4

Dm
Tw
SCAT
LEVL
RT
SORT
A10/20
SD A10/20
S10/20

left
40 ms
132 ms
2.0 deg
18.5 deg
285 ms
42 ms
9.3/17.1 deg
1.1/3.2 deg
39/61 ms

right
0 ms
194 ms
1.5 deg
19.6 deg
267 ms
74 ms
8 9/16.1 dep
1.3/2.8 deg
54/71 ms

difference
40 ms
62 ms
0.5 deg
1.1 deg
18 ms
32 ms
0.4/1.0 deg
0.2/0.4 deg

~

second experiment: unequal
left
44 ms
Dm
214 ms
Tw
1.8 deg
SCAT
16.4 deg
LEVL
236 ms
RT
43 ms
SORT
A10/20
9.6/16.9 deg
SDA10/20 0.6/1 0 deg
52/73 ms
S10/20

MWU

N
223

0 01

88

/0.01

\

target luminance; 7 days later
right
difference
54 ms
10 ms
127 ms
87 ms
1.9 deg
0.1 deg
17.7 deg
1.3 deg
245 ms
9 ms
40 ms
3 ms
9.8/18 8 deg
0.2/1.9 deg
0 5/1.9 deg
0.1/0.9 deg
41/63 ms
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MWU

N
221

87
0 02/0 00006

NORMAL SUBJECT N4
Female, 27 years, right handed.
History: healthy.
Medication: none.

.

\

1

1

Mt
Dm
Tw
SCAT
LEVL
RT
SORT
A10/20
SD A10/20
S10/20

26 ms
107 ms
1.9 deg
17.8 deg
279 ms
43 ms
10.0/16.6 deg
0.5/1.7 deg
43/72 ms

1

1

1

right
32 ms
112 ms
2.2 deg
17.4 deg
239 ms
48 ms
9.6/17.5 deg
0.7/1.0 deg
52/69 ms

1

1

difference
6 ms
5 ms
0.3 deg
0.4 deg
40 ms
5 ms
0.4/0 9 deg
0.2/0.7 deg
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1

1-

MWU

N
229

0.0006

77

/0.02

NORMAL SUBJECT NS
Male, 60 years, right handed.
History: hypertension, chronic bronchitis.
Medication: epithiazide, triamterene, reserpine, dihydralazine.

v..
- ;"

1

Dm
Tw
SCAT
LEVL
RT
SORT
A10/20
SD A10/20
S10/20

1

1

left
24 ms
101 ms
1.7 deg
15.9 deg
284 ms
90 ms
9.5/16.1 deg
1.9/3.7 dee
41/59 ms

1

»

right
25 ms
115 ms
1.8 deg
19.2 deg
277 ms
84 ms
9.9/18.8 deg
0.7/1.4 deg
40/60 ms

difference
1 ms
14 ms
0.1 deg
3.3 deg
7 ms
6 ms
0.4/2.7 deg
1-2/2,3 deg
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1

ι

1

MWU

1

I

N
228

99
/0.0006

NORMAL SUBJECT N6
Male, 54 years, left handed.
History: healthy.
Medication: none.

~

Dm
Tw
SCAT
LEVL
RT
SORT
A10/20
SDA 10/20
S10/20

\

left
27 ms
109 ms
2.1 deg
18.3 deg
238 ms
59 ms
9.5/17.1 deg
1.0/0.9 deg
42/60 ms

rieht
46 ms
101 ms
1.9 deg
18.7 deg
211 ms
48 ms
9.6/16.4 deg
0.7/1.1 deg
38/52 ms

difference
19 ms
8 ms
0.2 deg
0.4 deg
27 ms
11 ms
0.1/0.7 deg
0.3/0.2 deg
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MWU

N
213

0.04

77

NORMAL SUBJECT N7
Female, 27 years, right handed.
History: healthy.
Medication: none.

v_

~

Dm
Tw
SCAT
LEVL
RT
SORT
A10/20
SD A10/20
S10/20

left
10 ms
133 ms
1.4 deg
19.3 deg
210 ms
37 ms
9.7/20.0 deg
0.7/1.1 deg
49/79 ms

rieht
40 ms
96 ms
1.7 deg
19.1 deg
272 ms
142 ms
9.6/18.8 deg
0.8/0.6 deg
43/69 ms

\

difference
30 ms
37 ms
0.3 deg
0.2 deg
62 ms
IQ1 ms
0.1/1.2 deg
0.1/0.5 deg
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MWU

N
229

39

NORMAL SUBJECT N8
Female, 59 years, right handed.
History: healthy.
Medication: none.

ί.

i

~1 I.

—

Dm
Tw
SCAT
LEVL
RT
SORT
A10/20
SD A10/20
SI 0/20

left
47 ms
171 ms
1.9 deg
19.7 deg
240 ms
73 ms
9.6/18.6 deg
1.3/1.7 deg
49/76 ms

right
56 ms
154 ms
2.0 deg
17.5 deg
241 ms
63 ms
9.3/17.7 deg
1.0/1.7 deg
43/72 ms

%

difference
9 ms
17 ms
0.1 deg
2.2 deg
1 ms
10 ms
0.3/0.9 deg
0.3/0 deg
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MWU

N
225

173
/0 04

NORMAL SUBJECT N9
Male, 19 years, right handed.
History: healthy.
Medication: none.

^v
Dm
Tw
SCAT
LEVL
RT
SORT
A10/20
SD A10/20
S10/20

right
22 ms
71 ms
2.3 deg
16.6 deg
230 ms
53 ms
9.8/18.8 deg
1.0/1.7 deg
65/74 ms

IfiÜ
47 ms
42 ms
1.6 deg
16.0 deg
211 ms
47 ms
9.9/16.6 deg
0.7/1.1 deg
58/71 ms

Λ

difference
25 ms
29 ms
0.7 deg
0.6 deg
19 ms
6 ms
0.1/2.2 deg
0.3/0.6 deg

-

1

1

second exoeriment: normal
left
Dm
54 ms
Tw
42 ms
SCAT
2.5 deg
LEVL
14,6 den
RT
218 ms
SDRT
50 ms
A10/20
9.2/16.2 deg
SD A10/20 1.1/1.5 deg
S10/20
49/76 ms

1

1
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N
172

40
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\

1

condition: 453 davs later.
right
difference
34 ms
20 ms
72 ms
30 ms
2.5 deg
0 deg
16 2 deg
1.6 deg
218 ms
0 ms
42 ms
8 ms
L6/17.4 deg
M/1.2 deg
1 2/2.1 deg
0.1/0.6 deg
54/79 ms
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NORMAL SUBJECT N10
Female, 25 years, right handed.
History: healthy.
Medication: oral contraceptive.

~

Dm
Tw
SCAT
LEVL
RT
SORT
A10/20
SD A10/20
S10/20

left
10 ms
146 ms
2.2 deg
18.1 deg
276 ms
48 ms
9.9/18.4 deg
1.0/1.6 deg
53/72 ms

rieht
41 ms
73 ms
1.7 deg
17.5 deg
286 ms
79 ms
9.8/17.1 deg
0.6/2 3 deg
47/55 ms

\

difference
31 ms
73 ms
0.5 deg
0.6 deg
10 ms
31 ms
0 1/1 3 deg
0.4/0.7 deg

•

MWU

N
227

95

•

" ^ .
•
1

1

1

1

1

second experiment: unequal target luminance; 84 days later.
Dm
Tw
SCAT
LEVL
RT
SORT
A10/20
SD A10/20
S10/20

left
47 ms
136 ms
2.4 deg
16.1 deg
.
-

right

gè ms
Urns
1.7 deg
12.5 dee
_
-

difference
39 ms
95 ms
0.7 deg
3.6 deg
_
_
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NORMAL SUBJECT N11
Female, 26 years, right handed.
History : healthy.
Medication: oral contraceptive.

Dm
Tw
SCAT
LEVL
RT
SORT
A10/20
SD A10/20
S10/20

left

rieht

difference

223 ms
35 ms
10.0/18.1 deg
0.9/2.3 deg
33/48 ms

_
228 ms
35 ms
10.0/19.6 deg
0.9/1.6 deg
35/47 ms

_
5 ms
0 ms
0/1.5 deg
0/0.7 deg

127
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PATIENT Cl
Male, 71 years, right handed.
History: 390 days before experiment speech difficulty and generalized
tonic-clonic seizure; later weakness right leg; known with angina pectoris.
Examination: Mnestic aphasia, paresis right leg.
Perimetry: right homonymous hemianopic defect consisting of 1-1.8 log-unit
increase of retinal threshold; macular sparing.
3
CT-scan: left fronto-temporal tumor (150 cm ), involving the frontal eye
field,inferior parietal lobule, optic radiation, internal capsule, caudate
nucleus, putamen and globus pallidus; displacement.
EEG: not performed.
Medication: dexamethasone, nitrazepam, Phenytoin, benonlate, isosorbide
dinitrate.
Biochemistry: potassium 3.5 mmol/1.
Pathology: glioblastoma.

'

Λ
Dm
Tw
SCAT
LEVL
RT
SORT
A10/20
SDA10/20
S10/20

left
52 ms
125 ms
1.7 deg
17.9 deg
230 ms
63 ms
9.1/18.4 deg
1.1/1.6 deg
38/61 ms

right
£1 ms
67 ms
1.9 deg
17.0 deg
295 ms
98 ms
9.5/17 2 deg
1.1/2.5 deg
39/61 ms

difference
29 ms
58 ms
0.2 deg
0.9 deg
6¿ ms
35 ms
0.4/1.2 deg
0/0.9 deg
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94
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PATIENT C2
Female, 62 years, left handed.
History: since 373 days before experiment episodes of left-sided convulsions
with speech difficulty, initially interpreted as cerebral vascular disease;
known with hypertension.
Examination: astereognosis, tactile extinction left arm; left sided hemiparesis and- increase of tendon reflexes.
Perimetry: left homonymous hemianopic defect consisting of 1 log-unit
increase of retinal threshold; macular sparing.
CT-scan: right fronto-parietal tumor (148 cm 3 ), involving the frontal eye
field, inferior parietal lobule, caudate nucleus and putamen; displacement.
EEG : large right fronto-centro-temporal slow-wave focus; frontal intermittent rhythmic delta activity.
Medication: dexamethasone, nitrazepam, metoprolol, chlorthalidone, carbasalate calcium.
Biochemistry: sodium 133 mmol/1, potassium 3.5 mmol/1.
Pathology: oligodendroglioma.

Dm
Tw
SCAT
LEVL
RT
SORT
A10/20
SDA10/20
S10/20

left
48 ms
106 ms
2.6 deg
16.1 deg
318 ms
75 ms
9.6/18.4 deg
1.0/1.2 deg
44/75 ms

right
62 ms
114 ms
2.4 deg
16.0 deg
172 ms
47 ms
9.6/17.1 deg
1.3/2.1 deg
36/72 ms

difference
14 ms
8 ms
0.2 deg
0.1 deg
146 ms
28 ms
0/1.3 deg
0.3/0.9 deg

129
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0.00006

44

PATIENT СЗ
Female, 54 years, right handed.
History: 43 days before experiment generalized tonic-clonic seizure.
Examination: saccadic pursuit to the right.
Perimetry: normal.
CT-scan: right parieto-occipital tumor (6 cm3), involving the prestriate
cortex and optic radiation.
EEG: slight right temporo-occipital slowing.
Medication: carbasalate calcium.
Biochemistry: glucose 5.9 mmol/1.
Pathology: glioblastoma.

"Л
4

Dm
Tw
SCAT
LEVL
RT
SORT
A10/20
SDA10/20
S10/20

1

I

1

left

26 ms

104 ms
2.4 deg
16.3 deg
269 ms
116 ms
9.7/14,9 deg
1.4/LSdeg
48/62 ms

1

1

1—-—t

1

right
80 ms
172 ms
4.4 deg
17.1 deg
254 ms
103 ms
9.6/17.0 deg
1.8/3.8 deg
46/57 ms

difference
16 ms
68 ms
2.0 deg
0.8 deg
15 ms
13 ms
0.1/2.1 deg
0.4/1.7 deg
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PATIENT C4
Male, 67 years, right handed.
History: 369 days before experiment right occipital hemorrhage; 6 days
before experiment sudden headache, vomiting.
Examination: left homonymous inferior quadrantanopia.
Perimetry: left homonymous hemianopic defect consisting of >2 log-unit
increase of retinal threshold.
CT-scan: fresh right parieto-occipital hemorrhage and infarction (35 cm3),
involving the inferior parietal lobule, prestriate cortex and optic radiation.
EEG: right parieto-occipital slow-wave focus.
Medication: none
Biochemistry: sodium: 145 mmol/1, glucose 6.8 mmol/1.

\

Dm
Tw
SCAT
LEVL
RT
SORT
A10/20
SDA10/20
S10/20

left
26 ms
474 ms
3.4 deg
17.9 deg
445 ms
86 ms
10.4/16.2 deg
2,5/1.2 deg
48/54 ms

right
46 ms
97 ms
1.5 deg
18.1 deg
285 ms
100 ms
9.9/18.4 deg
0.9/1.4 deg
47/63 ms

difference
20 ms
377 ms
L2deg
0.2 deg
160 ms
14 ms
0.5/2.2 deg
L6/0.2 deg

131
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PATIENT CS
Female, 57 years, right handed.
History: since 17 days before experiment gradually increasing clumsiness of
left arm and leg; known with hypernephroma.
Examination: left-sided hemiparesis, tactile extinction and increased tendon
reflexes.
Perimetry: normal.
3
CT-scan: right parietal tumor with edema (177 cm ) extending to the
frontal lobe, involving the frontal eye field, inferior parietal lobule,
prestriate cortex, supplementary
motor area, optic radiation, internal
capsule, caudate nucleus, putamen and globus pallidus; displacement.
EEG: large right centro-parietal slow-wave focus; frontal intermittent
rhythmic delta activity.
Medication: dexamethasone.
Biochemistry: urea nitrogen 14.4 mmol/1, creatinine 101 μΐηοΐ/ΐ, potassium
5.4 mmol/1.
Pathology: metastasis of hypernephroma.

x

_

x

1

Dm
Tw
SCAT
LEVL
RT
SORT
A10/20
SD A10/20
S10/20

leu

13 ms
226 ms
i^deg
18.7 deg
245 ms
44 ms
9.8/17.2 deg
1.0/2.8 deg
61/104 ms

right
21 ms
277 ms
11 deg
19.5 deg
226 ms
50 ms
10.0/21.8 deg
0.7/2.2 deg
52/111 ms

difference
8 ms
51 ms
0.3 deg
0.8 deg
19 ms
6 ms
0.2/4.6 deg
0.3/0.6 deg
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1

1

1

1

1
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77
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PATIENT C6
Male, 60 years, right handed.
History: since 20 days before experiment headache and numbness left hand;
known with depression.
Examination: paresis, tactile extinction left arm, impaired gnostic sensation
left hand, impaired mirror positioning right arm.
Perimetry: normal.
CT-scan: right fronto-parietal tumor with edema (133 cm 3 ), involving the
frontal eye field, inferior parietal lobule, optic radiation and internal
capsule; displacement.
EEG: right centro-parietal and parasagittal slow-wave focus.
Medication: dexamethasone, amitriptyline.
Biochemistry: urea nitrogen 8.2 mmol/1.
Patholoev: glioblastoma.

t

i

l

i

Mi
Dm
Tw
SCAT
LEVL
RT
SORT
A10/20
SDA10/20
S10/20

53 ms
87 ms
1.8 deg
17.5 deg
289 ms
68 ms
9.4/15.6 deg
1.1/3.4 deg
63/97 ms

»•

right
49 ms
121 ms
2A deg
19.2 deg
287 ms
62 ms
9.9/17.4 deg
0.8/2.6 deg
66/86 ms

difference
4 ms
34 ms
i l deg
1.7 deg
2 ms
6 ms
0.5/1.8 deg
0.3/0.8 deg
133
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N
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77
0.05/0.01

PATIENT C7
Female, 40 years, right handed.
History: 186 days before experiment generalized tonic-clonic seizure; known
with renal insufficiency and hypertension.
Examination: clumsiness right hand; blood pressure 180/120 mmHg.
Perimetry: normal.
CT-scan: left temporal area of low density (12 cm3).
EEG: normal.
Medication: epithiazide, triamterene.
Biochemistry: unknown.

'.

\

Dm
Tw
SCAT
LEVL
RT
SORT
A10/20
SD A10/20
S10/20

left
52 ms
62 ms
2.0 deg
18.4 deg
367 ms
141 ms
9.9/19.3 deg
1.4/1.5 deg
43/70 ms

rieht
33 ms
129 ms
1.8 deg
18.9 deg
283 ms
84 ms
10.0/17.3 deg
1.0/3.3 deg
42/66 ms

difference
19 ms
67 ms
0.2 deg
0.5 deg
84 ms
57 ms
0.1/2.0 deg
0.4/1.8 deg

134
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N
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0.003
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/0.05

PATIENT C8
Male, 54 years, right handed.
History: since 570 days before experiment clumsiness right foot; later
clumsiness right arm and speech difficulty; right-sided convulsions once.
Examination: right-sided hemiparesis and increased tendon reflexes.
Perimetry, normal.
CT-scan: left fronto-parietal tumor and edema (127 cm 3 ), involving the
frontal eye field, inferior parietal lobule, internal capsule, caudate nucleus,
putamen and globus pallidus; displacement.
EEG: not performed.
Medication: dexamethasone, diazepam.
Biochemistry: urea nitrogen 8.3 mmol/1, glucose 5.6 mmol/1.
Pathology: meningioma.

Dm
Tw
SCAT
LEVL
RT
SDRT
A10/20
SDA10/20
S10/20

left
8 ms
302 ms
2.0 deg
17.7 deg
258 ms
37 ms
10.0/18.7 deg
0.8/0.8 deg
40/57 ms

rieht
18 ms
249 ms
1.4 deg
16.0 deg
243 ms
30 ms
M/16.9deg
0.9/1.1 deg
52/67 ms

difference
10 ms
53 ms
0.6 deg
1.7 deg
15 ms
7 ms
LI/1.8 deg
0.1/0.3 deg
135
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0.00006/0.00006

PATIENT C9
Female, 41 years, left-handed.
History: since 9 days before experiment twice convu
Examination: normal.
Perimetry: normal.
CT-scan: right frontal tumor (90 cm 3 ), involving
supplementary motor area.
EEG: not performed.
Medication: phenytoin.
Biochemistrv: hemoglobin 6.8 mmol/1.
Pathology: oligodendroglioma.

1

Dm
Tw
SCAT
LEVL
RT
SORT
A10/20
SD A10/20
S10/20

J

1

1

left
89 ms
47 ms
1.8 deg
18.1 deg
335 ms
92 ms
8.9/17.0 deg
l.O/iLZdeg
52/78 ms

1

1

1 J

right
24 ms
181 ms
M deg
17.8 deg
272 ms
87 ms
9.4/17.9 deg
2.0/5.2 deg
54/75 ms

1

difference
65 ms
134 ms
1.3 deg
0.3 deg

èl ms
5 ms
0.5/0.9 deg
1.0/1.5 deg
136

PATIENT СЮ
Male, 57 years, right handed.
History: since 11 days before experiment clumsiness right arm and leg of
sudden onset.
Examination: paresis and increased tendon reflexes right arm and leg.
Perimetry: normal.
3
CT-scan: left frontal tumor (41 cm ) involving the frontal eye field and
supplementary motor area.
EEG: not performed.
Medication: nitrazepam.
Biochemistry: normal.
Pathology: metastasis of lung carcinoma.

Dm
Tw
SCAT
LEVL
RT
SORT
A10/20
SDA10/20
S10/20

left
89 ms
384 ms
Mdeg
15,4 deg
326 ms
76 ms
9.7/21.5 deg
1.7/3.1 deg
58/92 ms

right
6 ms
494 ms
І 0 deg
16.4 deg
371 ms
92 ms
9.1/18.1 deg
1.0/1.3 deg
55/82 ms

difference

MWU

N
228

0.01

95

Si ms

110 ms
0.4 deg
1.0 deg
45 ms
16 ms
0.6/3.4 deg
0.7/1.8 deg
137

0.01/0.00006

PATIENT СП
Female, 49 years, right handed.
History: since 6 days before experiment speech difficulty of sudden onset.
Examination: motor aphasia, right hemiparesis.
Perimetry: normal.
3
CT-scan: left frontal infarction (53 cm ) involving the frontal eye field.
EEG: slight, left centro-temporal slowing.
Medication: none.
Biochemistry: normal.

Dm
Tw
SCAT
LEVL
RT
SORT
A10/20
SDA10/20
S10/20

Mí

3 ms
184 ms
2.5 deg
20.0 deg
231 ms
55 ms
10.1/19.7 deg
0.4/3.4 deg
46/64 ms

right
29 ms
225 ms
2.4 deg
17.1 deg
317 ms
104 ms
7,9/12.0 deg
0.9/4.1 deg
53/66 ms

diffçrçnçç
26 ms
41 ms
0.1 deg
2.9 deg
SÉ ms
49 ms
2.2/7.7 dee
0.5/0.7 deg

138
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0.002/0.002

PATIENT C12
Female, 74 years, left handed.
History: since 255 days before experiment episodes of weakness of right
leg, known with a single episode of atrial fibrillation
Examination: tactile extinction and paresis right leg, increased tendon
reflexes right side, blood pressure 180/100 mm Hg.
Perimetry: not performed.
CT-scan. left parietal tumor (82 cm3), involving the caudate nucleus.
EEG" normal.
Medication- Sotalol, quinidine sulphate.
Biochemistry: hemoglobin 7.4 mmol/1, potassium 3.5 mmol/1.
Pathology: glioblastoma.

1-

l

Dm
Tw
SCAT
LEVL
RT
SORT
A10/20
SDA10/20
S10/20

i

l

i

l

left
52 ms
145 ms
1.5 deg
16 7 deg
235 ms
66 ms
10 0/19.4 deg
1 3/1.6 deg
43/71 ms

1

í

riRht

73 ms
180 ms
2 3 deg
16 8 deg
252 ms
78 ms
9 4/17 2 deg
0 6/1.2 deg
47/65 ms

difference
21 ms
35 ms
0.8 deg
0.1 deg
17 ms
12 ms
0 6 / 2 2 deg
0 7/0 4 deg
139

I

I
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N
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PATIENT C13
Male, 56 years, handedness unknown.
History: since 40 days before experiment gradually increasing speech
difficulty; known with atrial fibrillation, strumectomy and lung carcinoma.
Examination: motor aphasia, right-sided central facial paresis and hypertonia.
Perimetry: not performed.
CT-scan: left frontal tumor and edema (166 cm 3 ), involving the frontal eye
field, supplementary motor area, internal capsule, caudate nucleus, putamen
and globus pallidus; displacement.
EEG: not performed.
Medication: dexamethasone, levothyroxine sodium.
Biochemistry: glucose 6.1 mmol/1.
Pathology: metastasis of lung carcinoma.

Dm
Tw
SCAT
LEVL
RT
SORT
A10/20
SDA10/20
S10/20

left
41 ms
99 ms
1.9 deg
16.4 deg
224 ms
33 ms
9.7/16.4 deg
0.9/1.3 deg
51/68 ms

rieht
14 ms
156 ms
2.4 deg
17.7 deg
240 ms
73 ms
9.7/18.3 deg
0 8/1.3 deg
51/75 ms

difference
27 ms
57 ms
0.5 deg
1.3 deg
16 ms
40 ms
0/1 9 deg
0.1/0 deg

140

MWU

N
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40
/0.05

PATIENT С14
Male, 35 years, right handed.
History: 24 days before experiment collaps.
Examination: blood pressure 190/85 mm Hg.
Perimetry: normal.
3
CT-scan: left frontal tumor (8 cm ).
EEG: slight rieht temporo-occipital slowing.
Medication: none.
Biochemistry: normal.
Pathology: arteriovenous malformation with infarction in surrounding tissue.

"~ '*~V.

Dm
Tw
SCAT
LEVL
RT
SORT
A10/20
SDA10/20
S10/20

left
42 ms
121 ms
1.7 deg
16.6 deg
232 ms
30 ms
9.6/17.6 deg
1.0/2.0 deg
36/51 ms

rieht
35 ms
125 ms
1.9 deg
17.4 deg
256 ms
29 ms
9.6/17.9 deg
1.0/1.6 deg
40/54 ms

difference
7 ms
4 ms
0.2 deg
0.8 deg
24 ms
1 ms
0/0.3 deg
0/0.4 deg
141

MWU

N
234

0.002

74

PATIENT CIS
Female, 46 years, left handed.
History: since 49 days before experiment depressed.
Examination: saccadic pursuit, right central facial paresis
Perimetry: normal.
CT-scan: left frontal infarction (33 cm3).
EEG : normal.
Medication: nitrazepam.
Biochemistry: hemoglobin 7.2 mmol/1.

•

Dm
Tw
SCAT
LEVL
RT
SORT
A10/20
SDA10/20
S10/20

л
left
94 ms
51 ms
1.5 deg
15.7 deg
260 ms
46 ms
10.0/15.7 deg
0.8/2.8 deg
40/60 ms

^**

rieht
31 ms
164 ms
1.6 deg
18.2 deg
235 ms
47 ms
9.5/18.6 deg
1.2/1.5 deg
57/80 ms

difference
62 ms
113 ms
0.1 deg
2.5 deg
25 ms
1 ms
0.5/2.9 deg
0.4/1.3 deg

142
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N
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0.02
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/0.00006

PATIENT С16
Female, 68 years, right handed.
History: 22 days before experiment sudden speech difficulty followed by
convulsions of right leg and loss of consciousness; known with hyperten
sion.
Examination: normal.
Perimetry: normal.
3
CT-scan: left frontal tumor (49 cm ), involving the supplementary motor
area.
EEG: left fronto-temporal sharp and slow waves.
Medication: propranolol, hydrochlorothiazide, dihydralazine, amiloride.
Biochemistry: glucose 5.1 mmol/1.
Pathology: meningioma.

•

•

1

Dm
Tw
SCAT
LEVL
RT
SORT
A10/20
SD A10/20
S10/20

1

left
45 ms
142 ms
1.5 deg
16.3 deg
218 ms
55 ms
9.7/17.4 deg
0.7/1.3 deg
63/84 ms

1

1

»

1

riRht
26 ms
137 ms
1.6 deg
19.2 deg
246 ms
69 ms
9.9/17.6 deg
0.7/1.8 deg
53/74 ms

difference
19 ms
5 ms
0.1 deg
2.9 deg
28 ms
14 ms
0.2/0.2 deg
0/0.5 deg

143

1
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H
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PATIENT Tl
Female, 54 years, right handed.
History: since 20 days before experiment right sided weakness; known with
hypertension.
Examination: anmesia, upward gaze paresis, right central facial paresis,
paresis right arm.
Perimetry: normal.
3
CT-scan: left thalamic ischemia and infarction (17 cm ) involving the
pulvinar, internal medullary lamina, dorsomedial nucleus, ventral lateral
nucleus, lateral posterior nucleus, centromedian nucleus and internal
capsule.
EEG : slight left temporo-occpital slowing.
Medication: atenolol, chlorthalidone.
Biochemistry: hemoglobin 7.4 mmol/1, urea nitrogen 11.2 mmol/1, sodium 133
mmol/1, potassium 3 mmol/1.

•

~ \

1

Dm
Tw
SCAT
LEVL
RT
SORT
A10/20
SDA10/20
S10/20

left
1 ms
206 ms
1.8 deg
16.6 deg
210 ms
61 ms
9.3/17.0 deg
1.6/1.2 deg
42/68 ms

rieht
59 ms
44 ms
1.6 deg
I M deg
204 ms
40 ms
8.2/13.0 deg
1.0/1.8 deg
47/73 ms

difference
58 ms
162 ms
0.2 deg
M deg
6 ms
21 ms
1.1/4.0 dee
0.6/0.6 deg

144

1

1

1

1
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N
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PATIENT T2
Female, 56 years, right handed.
History: since 9 days before experiment gradually increasing left-sided
numbness; known with renal insufficiency, hypertension, myocardial
infarction and chronic bronchitis.
Examination: slight gaze-paretic nystagmus, impaired gnostic sensation and
hypalgesia on the left, paresis left leg; blood pressure 175/100 mm Hg.
Perimetry: normal.
CT-scan: right thalamic hemorrhagic infarction (2 cm3) involving the
lateral pulvinar, the lateral posterior nucleus and internal capsule.
EEG: not performed.
Medication: hydrochlorothiazide.
Biochemistry: hemoglobin 6.6 mmol/1, urea nitrogen 28.6 mmol/1, creatinine
302μιηο1/1, potassium 5.2 mmol/1.

Dm
Tw
SCAT
LEVL
RT
SORT
A10/20
SDA 10/20
S10/20

left
26 ms
233 ms
2.7 deg
18.1 deg
283 ms
66 ms
9.0/17.5 deg
0.9/1.5 deg
61/101 ms

right
0 ms
280 ms
1.7 deg
20.2 deg
237 ms
61 ms
LS/17-5 deg
0.7/3.3 deg
70/113 ms

difference
26 ms
47 ms
1.0 deg
2.1 deg
46 ms
5 ms
0.2/0 deg
0.2/1.8 deg

145
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N
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PATIENT ТЗ
Female, 48 years, left handed.
History: since 14 days before experiment right-sided numbness
weakness of sudden onset.
Examination: impaired gnostic sensation on the right.
Perimetry: normal.
3
CT-scan: left thalamic ischemia and infarction (3 cm ) involving
pulvinar, centromedian nucleus and lateral posterior nucleus.
EEG: slight left centro-temporal depression of activity.
Medication: lorazepam, carbasalate calcium
Biochemistry: normal.

^

Dm
Tw
SCAT
LEVL
RT
SORT
A10/20
SDA10/20
SI 0/20

\

~

left
8 i ms
62 ms
1.6 deg
18.4 deg
275 ms
73 ms
9.7/18.3 deg
0.6/1.0 deg
38/54 ms

right
22 ms
42 ms
2.4 deg
19.0 deg
273 ms
76 ms
9.6/17.0 deg
0.7/1.1 deg
47/58 ms

and

the

\

difference
12 ms
20 ms
0.8 deg
0.6 deg
2 ms
3 ms
0.1/1.3 deg
0.1/0.1 deg
146

MWU

N
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PATIENT SI
Male, 53 years, right handed.
History:
189 days before
experiment sudden
dysarthria and right
hemianopia, followed by diminished consciousness during 3 days; subsequent
vertical gaze paresis, loss of accomodation, impaired convergence, extensor
plantar responses, improving gradually; known with cardiomyopathy and
bronchial asthma.
Examination: downward gaze paresis.
Perimetry: normal.
CT-scan: infarction of both superior colliculi and posterior commissure
(1 cm 3 ).
EEG : not performed.
Medication: isosorbide dinitrate, albuterol, digoxin, frusemide, triamterene,
phenprocoumon.
Biochemistry: not performed.

CT-scan, showing the
infarction (white arrows)

Dm
Tw
SCAT
LEVL
RT
SORT
A10/20
SDA10/20
S10/20

left
44 ms
148 ms
2.0 deg
18.2 deg
307 ms
64 ms
10.1/19.6 deg
1.1/1.2 deg
50/76 ms

right
45 ms
179 ms
2.1 deg
19.5 deg
297 ms
59 ms
10.1/19.5 deg
1.3/1.5 deg
46/66 ms

difference
1 ms
31 ms
0.1 deg
1.3 deg
10 ms
5 ms
0/0.1 deg
0.2/0.3 deg

147

MWU

N
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PATIENT RI
Female, 68 years, right handed.
History: since 11 days before experiment weakness left leg of sudden
onset; known with hypertension and atrial fibrillation.
Examination: slight horizontal saccadic pursuit; left central facial paresis,
ataxia of left arm, paresis of left leg, tactile extinción of left foot,
increased tendon reflexes on the left; blood pressure 170/95 mm Hg.
Perimetry: not performed.
CT-scan: a small hemorrhage in the corona radiata on each side (2 cm3)
EEG: not performed.
Medication: digoxin.
Biochemistry: hemoglobin 9.9 mmol/1, urea nitrogen 9.4 mmol/1, creatinine
ЮЗдтоІ/І, chloride 111 mmol/1.

t

Dm
Tw
SCAT
LEVL
RT
SORT
A10/20
SD A10/20
S10/20

Mt

S9 ms

48 ms
1.8 deg
17.5 deg
306 ms
60 ms
9.8/18.8 deg
0.7/1.0 deg
60/90 ms

riRht
97 ms
56 ms
1.9 deg
18 4 deg
333 ms
107 ms
9.8/18.6 deg
0.5/1.4 deg
51/78 ms

difference
8 ms
8 ms
0.1 deg
0.9 deg
27 ms
47 ms
0/0.2 deg
0.2/0.4 deg
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PATIENT Ml
Male, 31 years, right handed.
History: 4 days before experiment right frontal headache; next day tingling
sensations left foot, leg, arm and mouth successively, lasting 20 minutes;
known with common migraine; family history of migraine.
Examination: slight saccadic pursuit to the right.
Perimetry: normal.
CT-scan: normal.
EEG: right centro-temporal slowing, consistent with migraine.
Medication: none.
Biochemistry: sodium 145 mmol/1, potassium 4.9 mmol/1, chloride 107
mmol/1.

_

1

Dm
Tw
SCAT
LEVL
RT
SORT
A10/20
SD A10/20
S10/20

1

I

left
70 ms
110 ms
2.3 deg
18 0 deg
254 ms
63 ms
10.1/19.4 deg
1.1/1.5 deg
48/66 ms

\

1

right
39 ms
107 ms
1.8 deg
20 3 deg
190 ms
68 ms
9.1/19.1 deg
L8/1.2 deg
46/68 ms

difference
31 ms
3 ms
0.5 deg
2.3 deg
64 ms
5 ms
1.0/0.3 deg
0.7/0.3 deg
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PATIENT Ml

~v
second exoeriment: normal condition: 113 days later.
left
rifiht
difference
2 ms
Dm
38 ms
36 ms
Tw
125 ms
23 ms
102 ms
SCAT
2.2 deg
2.0 deg
0.2 deg
LEVL
16.8 deg
17.8 deg
1.0 deg
RT
220 ms
211 ms
9 ms
SDRT
55 ms
42 ms
13 ms
9.3/18.7 deg
A10/20
9.2/16 9 deg
0.1/1.8 deg
SDA 10/20 0 9/1.8 deg
1.3/1.9 deg
0 4/0.1 deg
S10/20
52/62 ms
43/62 ms
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N
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/0.05

APPENDIX 2

Appendix 2 contains ATCs, fitted by means of the curved-line model
(3.2.2.). The left ATCs are depicted on the left; the right ATCs on the
right. For each АТС, the difference is given between the value for SCAT
obtained with the straight-line model and the value for SCAT obtained
with the curved-line model. The larger the difference, the better the fit
with the curved-line model. The ATCs in which this difference is 0.5 deg
or more are given, as well as the ATCs of patient Ml (5.9.).
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NORMAL SUBJECT N9

difference 0.2 deg

difference 0.6 deg

NORMAL SUBJECT N9 (control experiment)

difference 0.8 deg

difference 0.7 deg
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PATIENT Cl5

difference 0.5 deg

difference 0.1 deg

PATIENT Ml

difference 0.1 deg

difference 0.1 deg
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ABBREVIATIONS

A
Α-S diagram
АТС
ATF
AIO
A20
A10/20
CT
D
deg
Dm

IdVI
EEG
EOG
LED
LEVL
ms
MWU-test
PET
PU-stimulus
RT
S
S10
S20
SCAT
SDA10
SDA20
SDA10/20
SORT
Ta
Td
Te
Tw

amplitude of the first saccade to a double-step stimulus
amplitude-duration diagram
amplitude transition cluster
amplitude transition function
mean amplitude of the first saccades to single-step stimuli of
10 deg
mean amplitude of the first saccades to single-step stimuli of
20 deg
AIO and/or A20
computer tomography
time interval between the second target step of a doublestep stimulus and the onset of the first saccade to the
double-step stimulus
degree, degrees
modification time
absolute difference between the value of parameter "p" on
the left and the value of the same parameter "p" on the
right
electroencephalogram, electroencephalography
electrooculography, electrooculogram
light emitting diode
parameter, expressing the level of the first horizontal
segment of an АТС/ATF
millisecond, milliseconds
Mann-Whitney U-test
positron emission tomography
pulse-undershoot stimulus
mean reaction time of the first saccades to single-step
stimuli of 10 deg and 20 deg
saccadic duration
mean duration of the first saccades to single-step stimuli of
10 deg
mean duration of the first saccades to single-step stimuli of
20 deg
parameter, expressing the scatter of data points of the
ATC/ATF
standard deviation of the amplitudes of the first saccades to
single-step stimuli of 10 deg
standard deviation of the amplitudes of the first saccades to
single-step stimuli of 20 deg
SDA 10 and/or SDA20
standard deviation of the saccadic reation times
time delay of the afferent element in the model of Becker
and Jürgens
time delay of the decision element in the model of Becker
and Jürgens
time delay of the efferent element in the model of Becker
and Jürgens
time delay of the averaging element in the model of Becker
and Jürgens, transition time
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1.

Het model van het saccadische systeem van Becker en Jürgens is juist
voor zover het de berekening van amplitudes van horizontale, visueel
geleide saccades door middel van "averaging" beschrijft.
(Dit proefschrift)

2.

Bij de mens is het aandeel van de frontale blikvelden in de generatie
van visueel geleide saccades op zijn minst even groot of groter dan
dat van de colliculus superior.
(Dit proefschrift)

3.

Het feit dat bij patiënten met een laesie van de thalamus de "amplitude transition function" afwijkend is terwijl de reactietijd van visueel
geleide saccades normaal is, wijst erop dat de thalamus het saccadische
systeem voornamelijk regulerend beïnvloedt en in mindere mate een rol
speelt bij de directe verwerking van visuele stimuli.
(Dit proefschrift)

4.

Registratie van de cervicale somatosensory evoked potential die
ontstaat ontstaat na stimulatie van de nervus medianus en waarbij een
"actieve" electrode op de processus spinosus van C2 of C7 en een
"referentien-electrode op Fz wordt geplaatst, is onjuist.

5.

Degene die veronderstelt dat brainmapping nuttig is om klinici fraaie
afbeeldingen te laten zien miskent de complexiteit van de methode en
het niveau van klinici.

6.

De Symptomatologie van hemifaciale spasmen wordt onvoldoende verklaard door ephaptische transmissie in de nervus facialis.

7.

De indeling van de cortex cerebri van de mens in area's van Brodmann
is onjuist en leidt tot verwarring.

8.

De diagnose dégénéré supérieur welke in de jaren vijftig door de
Utrechtse hoogteraar Rümke werd gehanteerd verschilt niet wezenlijk
van de omstreeks 1980 onderkende entiteit van het Gilles de la
Tourette syndroom. (H.C. Rümke: Over kliniek en psychopathologie der
dwangverschijnselen. Nieuwe studies en voordrachten over psychiatrie,
1958. Nee et al.: Gilles de la Tourette syndrome: clinical and family
study of 50 cases. Ann Neurol 7: 41-49, 1980).

9.

Het is voor Nederland van het grootste belang deel te nemen aan de
ontwikkeling van een Europees net van spoorlijnen voor zeer snelle
treinen.

10. De uitspraak "my poetry is simple and straightforward" van T.S.Eliot is
een betere leidraad bij het lezen van zijn gedichten dan de vele diepgaande commentaren op zijn poëzie welke eerder ontluisterend dan
verhelderend zijn.
Utrecht, november 1986

Hessel Franssen

ERRATUM
Fig. 5.5. left, upper.
In the original figure the grey tones of the areas with an overlap of
4,5 or 6 - 7 lesions are not distinguishable. Below,the areas with
an overlap of 5 and 6-7 lesions are depicted as white areas, the numbers
indicating the degree of overlap.

Table " 5.8. Relation between increased or decreased amplitude parameters
and the side of the lesion in patients with cortical lesions, contra =
contralateral to the lesion, ipsi = ipsilateral to the lesion. V = increased.
"-" = decreased. If the parameters on both sides are normal but their
absolute difference is increased, the largest parameter is indicated by "(+)"
and the smallest by "(-)".
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